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preface! 


Physiology has bccu too much studied' as a scienco 
rf opinions, and too little as a science of facts. We 
liave had abundant reasoning from scanty observations, 
md endless arguments, “ long drawn out,’’ from the 
slenderest foundations. It is hoped this error has 
been avoided in the present little volume, in which it 
has been the object of the Author to condense as great 
a number as j)Ossible of w’ell-ascertained fa^ts, con- 
necting them only by as much reasoning :xs may bo 
necessary to elucidate their mutual relations, and 
ascertain, by legitimate induction, the general laws 
which they appear to indicafe. Thfe outline of the 
plan to be pursued will be found delineated at the 
‘omincncemcnt of the chapter inunediately following 
|bo Historical Introduction. To this, the Author has 
iiothing to add, exccjit that, in all instances, ho has 
Itudied to avoid the use of technical terms, or. when 
obliged to employ them, has taken care to explain 
them fully, either in words or by references to the 
plates. 

In the course of liis work the examination of 
theories has occasionally been found necessary, and 
the freedom with wdiich lie questions doctrines ad- 
vanced by men wdiose talents have gained them uni- 
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versal fame, may appear to some to border on arrogaiicd 
and presumptioi!L. Ho begs earnestly to disclalriJ 
being actuated by any such feelings : ho has liad nd 
object in view except the discovery of truth ; he has 
never for a moment supposed that his name could bJ 
placed in competition with those of the individualal 
alluded to ; but he has merely stated such facts, and 
adduced such arguments, as appeared to him incoi - 
sistent with the <loctrinos in question ; and by the 
reality of those facts, and the justice of those argu- 
ments, he desires to be judged. 

It will be observed that his work embraces only 
those functions, by which animals support their indi-j 
vidual life, and maintain their relations with externa' 
bodies : all consideration of the functions by whicl: 
the continuation of the species is insured, has been 
tlesignedly omitted. > 

An acknowledgment of all the authorities conJ 
suited in preparing the present volume, would havl 
encumbered the pages with foot-notes of refereneJ 
and proved abundantly more pedantic than usefu| 
It may, however, be proper to state, that of conteiil 
porary writers, the Author is most indebted to Serrel 
Magcndie, He BlaiiiviUe, Bostock, Bell, Arnot| 
Hlourens, Edwards, Lawrence, Prichard, Hesmou 
lins, and Virey. 



ADVERTISEMENT. 


,A KEPRiNT of this work being required during tho 
Author’s absence on public service in the East, tho 
I Editor of the present Edition has carefully exa- 
mined the latest authorities upon the science, and has 
marked with brackets sucli^additions as he has found 
it necessary to make. In justice to the Author, 
l^wevcr, it must be said that^ of thosf* additions, the 
most important were anticipated by him in the errata 
d' the First Edition, and the remainder principally 
onsist of later facts and more recent opinions. 

^ London, 

Jt September, 1 8^31 K 
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Physioukjv, or tlio Science of Life, was at first taiiglit in the 
schools as a hraucli of Pliilohopliy. In this way Pythagoras, 
jMeina?on, Kiiip(‘docles, and others supplied incidentiil notices 
of flip liiiman frame in their lectures on mind and matter. 
From siieli notices wc could derive no instruction; and little 
entertainment, except from their absurdity. We may, there- 
fore, he excused fur passing them over, mid commencing our 
survey of the science witli the first man wlio substituted 
observation foi* theory, and fact for irtiiigination. 

Horn in ^tho iiohlost days of 01*001011 literature, 
IIij)poc*fMtes jiroved liiinself a worthy contemporary 
of Socrates, FhiK^vdides, and Uerodotiis. lie w'as of 
royal descent, liih wealth was ample, and pleasures lay siniling 
in his path ; ])ut disdaining the seductive influence of sloth and 
inglorious ease, he thirsted after that true nobility which 
arises from su])criur knowledge, from more ext^X^ive ])i)\vcr of 
<loing good. His ancestors, exi»ell?d from Cl;n :a, wdiere tliey 
liad reigned, settled in the little island of Cos, md established 
there a medical school, tlu:. renow'ii of which has come down to 
our days. In this school were duly preserved rejKirts of the 
cases of those wdio came to be relieved of their maladies; and 
the cvillected oliservatiuiis of many generatious, on the nature 
and structure of the liiiinan body, furnished abundant mate- 
rials to stimulate the curiosity and exercise th^ ingenuity of au 
inquisitive mind. Here was Hippocrates reared in ‘‘all the 

n 


HJSTOBICAL IKViiOSUCXIOir, 


:£ 


knowledge and wisdom’^ of the <ige* studied general 
science — physics, natural history, geometay, and astronomy; 
and having thus prepared hU mind for the grand object at 
which he aimed, he proceeded to turn all his varied acquire- 
ments to tlfe attaining a perfect knowledge of the structure, 
functions, and dk^rdere of the several organs of the human 
body. Distrusting thcf observations, however extensive, made 
solely in one place, he now determined to travel, and compare the 
ideas he had acquired at home with the opinions 'which pre- 
vailed in other countries. To tliis search after knowle<lge he 
devoted twelve whole ycari!>, and visited Thrace, Thessaly, 
Macedonia, Delos, Scythia, and many places in Asia Minor, 
lie spent much time at the temple of Diana at Ejdiesus, where 
he copied out the accounts of diseases usually inscribed on the 
votive tablets by peisons wlio imputed their reco\erv from 
disease to the iiiterj>osition of the gods; and having tlnis filled 
his mind with Ubcfiil facts ^nd o])sorvations, lie returned to 
em])loy tliem fur tin* good of his country and the Ixiioht of 
mankind. We must not, howcvci, think of follovsiug liim 
through the details of a life 'which added honour to philosophy 
and dignity to s<*icnce, hut must confine our view to his attain- 
ments as a Physiologi&t. 

The question as to w'hcther lie e\cr actually dissect vsl a 
human bod^ would icquire too much sjiace to discuss. lU)'\^- 
ever, we find scattered through bis works obsonotious wbicb, 
considering the time at wdiich they were made, c\inte sur- 
prising intimacy with anatomical details: Ills directions for the 
reduction of dislocations mul the treatuK^nt of fractures bi'speak 
a knowledge of the skeleton: and tliuugh human subjects may 
not have come imdcr his knife, there seems little iH'Osoii to 
doubt that Ids researches into the stnictun* of other mdmals woi’e 
tolerably extensive. The prejudices which then existed may 
have interrupted his anatomical pursuits, but he sliowed how 
highly he valued tlic knowledge to be thus acquired w’heu ho 
presented to the temple of Apollo at Dtiphi a brazen skeleton, 
as the most useful subject of contemplation for the disciples 
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of theOod of Hoolbsg. It ia sl&gnlar^ thi^t as we find in ancient 
authors obscure intimatioTto of the existence of a weetem 
world, the discoveiy of which lent such lustre to the dose of 
the fifteenth century, so the doctrine of tlie circujation of the 
blood, by which our countryman Harvey is hnmoxtalhsed, may 
actually be inferred at least to a certain Atent, from terms 
made use of by the Father of Medicine. 

He was not equally Iwippy in others of his explanations. 
He suppotH'd that in drinking, a small portion of water insinu- 
ated itself into the wind-pipe, 'which, from the great iiTitahility 
of its lining membrane, and the accurate closure of its lid, wc 
now know to ho impossible. He tells us the auricles of the 
heart are like Ijcllows filled 'with air, to cool and refi*csh the 
boiling blood with which it is filhd; imd he occasionally uses 
his terms witli such vagueness that are at a loss to know 
his exact ineaning. But his failings were those of tht j>eriod, 
his excellencies ^^ere his ownf He "w^as a man who livovl 
before his time. Little has been ad(h‘d by after-ages to his 
mode of distinguishing dise«ises**aud none, ]»crhaps, luive anr- 
pass4‘d him in skill in foretelling tlieii* tei mi nations. 

About tliiriy j^eai*s after him, Flato included in liis 
lectures ohscrMitioiis upon the (‘cononiy of the human 
body, and tlie prineiples of which it is composed. As tliey 
wxTe, lioweAei, rather tlie '\agiie speculations of philosophic 
Tt‘veiio than sober deductions from established facts, a short 
account ot them will sufhee. Setting out with two general 
])rincip]es, 6W and Matter, lie conceived that tJie first form 
which matter a*^sunies is tikingular. Out of these triangles are 
roin])(>sed the lour elements, tire, air, earth, ami water; and 
from these* elements is the human body jirodnced. He con- 
sidi*rs the spinal marrow to he tlie ]>art first fonncnl ; tliat this 
marrow tlieii covers itself with bones, and these Iwnes with 

Wc bhould oxcsjpt from this assertion tlie improvcmcaits made by Auen- 
hrugRcrand Laonner, m the mode of dibtini;ruiehing chest discMSOh b> moans of 
{HTcusbion and the use of the btctliosc'opc ; which lust we do not besitatu to declare 
tl c most valuable addition to medical d%a{fnon8 that U&s boon mode sinoo the 
times of which ive enieak. 

B 2 



» mSTOBIC^L INTEOBrcnON, 

fash* The soul he l(5^ge8 in the brain, which he calls tlie con- 
tinuation of the spinal marrow, and the ligaments by which 
this latter is held in its place, he looks on as the bonds connecting 
mind with matter. As he supported the doctrine that nature 
abhors a vacuum, he founded on it an amusing theory of respi- 
ration, The air, Ee fwiys, which iasues from the lungs through 
the mouth in expiration^ meeting tliat which surrounds the 
body externally, pushes it, so as to cause it to insinuate itself 
into the pores of the skin, and so to penetrate till it lias gained 
the place of that which has been exjiired; but afterwords 
returning tlirongli the same pores, it obliges the air to rusli into 
the mouth, the only opening now left for it, and in this 
manner is impiration jiroduced. 

Aristotle, who was a pupil f»f Plato’s, imitiited him in 
turning his attention to the structure of tlie Immon 
frame. He wrote some books on medicine and ana- 
tomy, w’liicli liave ♦not reached ns. Perliaps we 
should the less regpf't tliis from the specimens of ])hysiology 
which we find scattered tlirotgh his great woi k, The Natural 
History of Anihiais. In no other part of hi.s comjiositions has 
he shown so culpable a neglect of examining for himself, — so 
easy a reliance on the statements of tliose he employed, llis 
assertions that ‘^all animals have flexible necks, except the wolf 
and the lion, wlio have tliis part composed of a single lione,” 
and that ‘‘tliere is no marrow in the bones of lions,” with 
others of this kind, are sad blots in his general accuracy. That 
his dissections were confined to the lower animals, and did not 
extend to man, w e may infer both from the nature of liis de- 
scriptions, and from his owm admissions. [Yet lot us not forget 
that Cuvier considered some of Aristotle’s descriptions of quadm- 
peds superior to those of Buftbn, and that liis details of the 
lower tribes of animals are sfiid, by Professor Grant, to be some- 
tinios more accurate than those of Cuvier himself.] 

Tlie enlightened views of the Ptolemies gave the 
first efficient assistance to this science, w hich we liave 
seen hitherto struggling tlirough doubts and absur- 
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dities. With a love of science scarcely/to be expected, they 
ordered* fhat the bodies of criminals shouM be given for exami- 
nation to the medical schools. Thus was the foundation laid 
of a rational physiology, and a termination put to the strained 
and uncertain analogies by which it was usual to reason on the 
human body from what had been discovA*ed in the lower 
animals. The first to avail themselveif of this important privi- 
lege were Erasistratus and Herophilus, the great masters of the 
Alexandrian school. With an ardour worthy of the cause in 
^diich they were embarked, they applied themselves to cultiva- 
ting the extensive field of investigation thus opened to them, and 
they soon produced results worthy of their labours. Anterior 
to their days, it Avas usual to derive the nerves from the heart, 
which was made the centre of the feelings, the reason, and the 
passions: and so inueh more powerful is old prejudice than 
even well-established fact, tliat up to the j)resent hour this idea 
jn'ovails in eonimoii conA'ersfitiortl and we familiarly speak of a 
person being sad at hearty or of their //mr^4»eing rejoiced within 
them. I'irasistmtns Avas the first who, by accuiate examination 
of the human frame, showed the absurdity of these theories, 
lie traced tlie nerves carefully, until lie found them all 
springing from the brain and s]>inal ])aiTOw; he first divided 
them into tAvo sorts, nerves of sensation, and nerves of motion; 
ho first shoAved tliat they Avere the means by which we take 
cognizance of the impressions made on the organs of sense ; and, 
finally, he raised the brain to its proper dignity, refuted 
Aristotle’s absurd \vay of considering it as a mere excrescence 
from the spinal marroAA', capable, by its usual coldness and 
moisture, of allaying the fire at the heart, and showed it to be, 
Avhat it really is, the true nervous centre to Avhic.h all sensations 
are conveye<l, and from AA hich all voluntary acts arise. 

He had a Avorthy felloAv-lahourer in Herophilus, who 
appears to have lived about the same time, though we do not 
read of their co-oj)eration. In fact, tlieir own Avorks being lost, 
we only kiiOAV them through such parts of their discoveries as 
are referred to them by subsequent writers. Herophilus seems 
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ehiofly io have attacl^ himself to the study of the pulse as an 
indication of disease; and to such minuteness were his observa- 
tions carried, tliat several of his pupils, wc are told, gave up in 
despcur the task of following their master's refinements. He 
has also the credit of having discovered the lacteal vessels, by 
which the nutritious pait of the food is conveyed fi’om the 
intestines towards tin?’ veins; but though he observed the 
vessels, it does not appear he was fully aware of their use. 
Such splendid commencements might have been exiiectcd soon 
to brighten into a glorious day, hut the clouds of prejudice 
interj)Osed, popular feeling, always most warm when most mis- 
directed, interfered to prevent the pumiits of science. “Another 
king arose,” unpossessed of the same enlightened liberality ; tlic 
privilege of dissection was revoked, and surgeons were obliged 
to pi-actise, in all the uw’kwurdncss of ignorance, on the living, 
that art which they might have learned in safety on the dead. 
It may he wondered that the custom of embalming bodies 
which prevailed in Egypt, should not have promoted an 
acquaintance witli their structure; hut the people wdio j>er- 
formed this duty, under the infiuenee of blind su])erstition, 
ibared to gaze on the W'onders liefore their eyes ; and when 
men were found anxious to inquire into the secrets of nature, 
they were assailed as sacrilegious and im]jious, and were said to 
have carried their investigations to the inhuman lengtJi of dis- 
Se^kting malefactors alive, wdth as much truth as the old fable 
Topresonts Medea to have thrown men into a boiling caldron, 
because she first introduced the wumi hath as a remedial 
agent. 

From this time centuries passed w ithout a new fact l>eing 
discovered, or a new observation made. Physicians confined 
themselves to forming theories, and w'riting commentaries on 
the works of Hij)pocrBtes and Aristotle ; surgeons to the 
inventing a new form of bandage ; and Phaimaceutists to col- 
lecting roots and plants of wdiich they knew neither the nature 
nor the properties. Physiological knowledge was totally at a 
stand, and the medical world seemed solely occupied with the 
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absurd disputes between the three sects of^ogmatists, Empirics, 
and Sceptics, into which it was divided* 

In the second century after Christ, under Adrian and several 
succeeding emiHjrors, lived Galen. He was a man of 
extensive learning, much ingenuity, great eloquence, 
and excessive vanity, lie aspired to he the®leader of 
the medical opinions of the age, and hiS success succeeded even 
his wannest expectations. For more than thirteen centuries 
he reigned in the medical schools w'ith os undisputed sway as 
did Aristotle in the metaphysical. To doubt his doctrines was 
considered heresy, to question his dicta the excess of scepticism. 
He seems to have been the first who ascertained physiological 
facts by experiment. In this way he proved tluit museles owe 
their power of feeling and motion to the nerves with .which they 
are supplied, us by cutting these nerves, or applying a ligature 
tightly round them he paralyzed the muscles: he showed the 
formation of voice to depend oii tlie muscles supplied by the 
recurrent nerve, as on cutting tliis nerve au-imals became dumb : 
he refuted the old opinion that aiteries were filled with air, 
and showed that during life they contain blood : he held that 
the nicscnteric veins assisted iii conveying the chyle (or nutri- 
tious part of the food) from the small intestines; explained tlie 
functions of the kidney, imd described tlie duct by which the 
bile is conducted from the gall-bladder to the duodenum. His 
medical skill seems to have been very great, and his general 
knowledge immense. But we are not more attracted towards 
Galen by admiration of his vast genius, than by observing the 
depth of feeling witli which he speaks of the wisdom and good- 
ness of God, and the generous indignation he expresses against 
those, wlio, in the pride of a vain philosophy, attempted to 
question His existence. 

‘‘Why,” he asks, “should I further dispute with such 
beings deprived of reason? .... The Father of all nature has 
proved his goodness in wisely providing for the happiness of all 
his creatures, in giving to each that which might be really 
useful to them ; he lias shown his infinite wisdom in choo^g 
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tile best means to accomplisli his beneficial ends ; and he has 
given proofs of his omnipotence in creating everything perfectly 

confonnable to its destination True piety consists, not in 

sacrificing l>ecatombs, or burning a tiionsaiid delicious perfumes 
*to his honour, but in acknowledging and pi'oclaiming aloud his 
wisdom, his power, bis love, and his goodness.” 

There now followed a long period of total darkness, in 
-which the minds of men, in the gloomiest depths- of spiritual 
pros’tration, were content to register ahsiirditics and perpetuate 
mistiikes. During this time, rational Physiology was almost 
extinct, and, in its place, men were content to explain the phe- 
nomena of life by astrology and fdchem}' with Paraeelsns; hy 
an ^archfKus* or intelligent being, placed in the epigastric 
region with Van Ilelmont; or hy ‘animal spirits* with Des 
Cartes. The person to rouse the world from their 
15*43 sleep, and in’osecute sci(*nce hy the true mode of 

examination and experiment, -was Vesalius. Of 
great talents and an inquiring disposition, he early evinct'd a 
decided predilection for Anatomy. So powerful was this taste, 
that to gratify it, lie has stolen bodies from the gibbet, and 
dissected them in his own bed-room. The results of sueli 
investigations were not long doubtful. lie soon proved, that 
Oalen’s anatomy was in many places faulty, and geuerally 
taken from apes and other inferior animals; ho hesitated not to 
make public his discoveries, and at tlie age of twenty-five, 
undertook and produced a treatise on Anatomy toinided on his 
o-wn dissections, which for arrangement, copiousness, and 
accuracy, is admired to this day. 

Of course, such a rcvuluiion in the medical world would 
not he tamely submitted k* by those nho had grown gray in 
the belief of the infallibility of Galen. A powerful party was 
fonned against our young innovator, his doctrines were de- 
nounced as lieretical, and having some time after gaine<l permis- 
sion to open a young Spaniard, who was said to have died of a 
singular disease, his enemies spread a report that the young 
man’s heart had l)eat on being exposed, and accused Vesalius 
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before the Inquisition of directing men ali^e. Nothing less tlian 
the interposition of the king, (Philip II.,) whose physician he 
was, could have saved him from an ignominious death; he was, 
however, ordered to expiate his crime by a pilgrimage to the 
holy land, in returning from which he was shipwrecked, an<L 
died A.D. 1504. * 

Thus perished Vesjdius, a martyr *to his love for science: 
but the spirit of inquiry wdiich he had aroused, perished uot 
with him. The fetters of authority that so long had cramped 
the minds of men were broken, and they started forward In 
the new course that wivs opened to them, with all the vigour of 
‘‘n giant refreshed from sleep.” The following century was 
signalized hy three discoveries equally beautiful and imiK)rtant; 
discoveries, which lent to physiology a new interest and clear- 
ness, and first raised it to that elevated situation, which it now 
inainhiins. I’hese discoveries were, tlie hictc'al vessels by 
Asellius, a Professor at Pavia, iH 1622; tlie general l 3 unphatic 
syvstein, Olaus Rmlbeck, a Swe<le, in^lGol ; and the great 
discovoiy of the circulation of the hlp<Ml, b}" ournwn country- 
man Harvey, wliich in some measure led to the other t\/o, 
mid which was first announced in the year 1610. 

We may he permitted to sa}" a few words on each of these 
diseoveries. 

Ilarve 3 % after having graduated at Cambridge, proceeded to 
Padua for the purpose of prosecuting his medical studies. 
From his anatomical instructor licre, the celebi-ated Fabricius, 
he learned the latel^'-discovered fact of tlie nature and struc- 
ture of tlio valves found in the veins; he also possessed himself 
of the observations of Servetus and Crosalpinus, respecting the 
passage (>f the blood from the right side of the heart to the left 
through the lungs, and also of tlie effects of ligatiircs applied to 
the veins in living animals, causing them to swell on the side 
remote from the heart. Carefully reflecting on the knowledge 
thus acquired, enlarging it hy accurate dissection and repeated 
experiment, he at length aiTived at the clear and perfect de- 
monstration of the double circulation of the blood, which he 
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taught in lectures a^^arly as 1610 : and of which he puhlislied 
his beautiful and philosophic proofs in the work entitled 
citatio Anxttoniica de Moiu Cordis et Sanguinis in Animalibus. 
Frankfort, 1628 . It was not to have been expected, that the 
prejudices of centuries would be tamely surrendered to truth 
ever so fairly p;ft>pounded. Accordingly Harvey soon found 
that he had excited against himself a host of opponents, who 
according to the most approved method in such cases, first 
denied the truth of his assertions, and when these were proved 
by incontrovertible experiments, then turned round and de- 
jclared, tliiit all this w^as to be found in Hippocrates, Plato, and 
Aristotle, that they had been long acquainted w itli it ; and in 
short, that like the Bourgeois gentilhomn>e, ‘^they had Iwen 
speaking prose forty years w ithout knowing it.** 

One of the firet to enter the lists against him, was Dr. 
Primrose, and perhaps, it may be entertaining to adduce from 
his tract published in 1630 , ane of tliose arguments by which 
Harvey was attempied to be refuted. For Harvey’s theory, it 
was necessary that all the blood in the body should pass through 
the heart and arteries, and he, by a very ingenious calculation, 
showed that they were fully competent to the office. He fur- 
ther showed that they w ere constantly full, by the simide ex- 
periment of opening one in the living l>ody. To this Primrose 
replies, that the arteries did not really contain blood onougb to 
Carry on the circulation ; that the reason why tlu y appeared to 
do So might be explained by reference to a well-known fact. 

little milk put dow^n in a large vessel will, by the heat of 
the fire, entirely fill it or even boil ovei . In the same manner, 
a very little blood fills the heart and arteries, because it boils 
eand swells upC^ 

Harvey had the good fortune to outlive the silly opposition 
to his arguments, and to see his doctrines embraced by all en- 
lightened and liberal persons. His investigations were not 
eoBi&ned to the human body, but extended to several of the in- 
ferior animals, for wliich he giuned the ridicule of his contem- 
poraries, who oousidered such subjects as beneath the notice of 
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a philosopher; but they led him to a re|^tation of the theory 
of “Equivocal Generation,” so favourable to the views of the 
atheist, and enabled him to establish the important feet, that 
every living; being had its origin from some antecedent living 
being by means of an ovum or germ, or to give fiis own brief 
and c(jmprelionsive form of expression, “ OmSkia ex ovoJ* 

We shall speak more briefly of the other two discoveries, 
as being less interesting to tlie general reader. It will be re- 
membered, that we sbitcd Herophilus to have olwerved the 
lacteal vessels. As lie did not, however, explain their uses, 
the recollection of their existence soon jiassed away. Asellius, 
in o))ening a living dog for the purpose of noting the move- 
ments of the diapliragm, observed several wliito filaments run- 
ning on the mesentery. These, at first, lie mistook for nerves, 
but! having punctured one of them, he found it to exude a 
wliite milky fluid. At this sight, he siiys, he could s<;arce 
I'estraiu his joy, and turning tosoiiic noblemen who were pre- 
sent at hLs demonstration, he called on ^liem to witness his 
triumph. He did nut stop here, Juit by many experiments 
and observations, show'ed their true use to Iw the taking up the 
nutritious matter of the food after digestion, and conveying it 
into the circulation. He failed, however, to trace these vessels 
to their ultimate termination, a task which was performed 
almost nit the same time by Rudbeck, Harthohn, and Jolyffe. 
They diKScuvered vessels similar to those of Asellius through 
all parts of the body, to which they gave the tenn lymphatics, 
from the clear nature of the fluid they carried. They also 
discovered tlic grand trunk of the whole system, to which 
Pecquet Avbo had also observed it, gave the name of thoracic 
duct, and they traced it to w'here, emptying itself into the sub- 
clavian vein, it joins the general circulatory system^ 

This century boasts also of Malpighi, whose researclies into 
the intimate structure of organs, have 0}>ened the way to im- 
portant results; and of Riiysch, -wlio first invented the mode 
of injecting vessels with a substance (such as wax) which on 
cooling, should become solid, and thus enable him, after re- 
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moving the surroun^ng parts by the knife, er by corrosive 
applications, to obtain an exact cast of the minutest parts of 
the vascular system. 

Towai>ds the close of this, and commencement of the follow- 
^ ing century, flourished Herman Boerluiave. His 
IGDO^ it is) must depend rather on 

* his medical skill than on anything he did for 
Physiology. He liad more learning than knowle<lge, more 
eloquence than judgment: his clerical education (he was ori- 
ginally destined for the churcli,) inclined him rather to mota- 
physiciil iii((iuries, thmi to the observation of facts : ho was a 
commentator, not a discoverer, an ingenious reasoner rather 
Ilian an original thinker. Following in the train of Bellini 
and Borelli, he may be said to have brought the meelianiciil 
school of physiology to its height. In their hands, the body 
became nothing more than a hydraulic machine, in wliicli all 
the functions of life w'ere carmed on by juechaiiical movc inents, 
subject to the siimc daws as inert matter, and e([ually suscep- 
tible of mathematical demonstration. Of tJie certainty which 
might tluis be arrived at, we shall give one example*. Borelli 
and Keill separately" calculated the force of the liciirt’s action 
on the blood, when, after the same sliow of formulffi and 
diagrams, the former concluded it to be 180,000 ]>ounds, 
^virhiic the latter, reduced it to the moderate sum •f eight 
ounces! 

Of Hoffmann and Stahl, we shall say nothing 
1718 than, tliat having framed theories, they 

showed sufficient tact in twisting facts so as to sup- 
port thfti. They seem to have adopted the pool’s idea, 

Res adjungere mihi, baud me rebus. 

But people were now’ getting tired of hypotheses that supposed 
everything and proved nothing; thatmiglit have upturned the 
world, had they a single point Avhereon to rest. Lord Bacon 
had some time before showm the true method to be pursued in 
acquiring knowledge, and the application of liis mode to Phy- 
siology forms the tnost important epoch in the history of that 
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Boleiice, and quickly conducted to tlie most beautiful and ex^ 
tensiye results, 

The man by whom the application was made, was Haller. 
From his earliest' childhood, he had shown marks of 
decided genius. To the fervid imaginatidh of a poet, 
he added the solid judgment of a philosopher. From 
the one he derived an enthusiasm which w'os neither to be re- 
pelled by difl&culties, nor cooled by opposition ; from the other 
an accumey of investigation that penetrated the most skilful 
sophisms, and a boldness of spirit that feared not to expose 
error, by whatever autliority it was sanctioned. 

Well aware of the intricacy and importance of his subject, 
he spent many years of unremitting labour, in prejiaring him- 
self to treat it in the manner lie felt it deserved. After making 
himself master of general science, he proceeded to Tubingen, 
w’hcre he studied comparative anatomy under Duvemoy, From 
tliat, he removed to Leyden, #which at that time (1725,) 
counted amongst its professors Albiuus ani Boerhaave. 

Having spent two years here, and displayed very accurate 
anatomical knowledge in a thesis, which he published ; he w'ent 
to England, where he made himself acquainted with the views 
of Ciiespldeii, Sir Hans Sloane, and Douglas, then our most 
celebrated i)rofes>ors. He then proceeded to l*aris, where he 
studiedjmatoniy under Le Dran, famous for his surgical skill; 
and afterwards to Basil, where, under Beraouilli, he completed 
Ills mathematical knowledge, keeping up, at the same time, 
his habits of dissecting. 

Ill 1 7**14, we find him lecturing on anatomy at Bcme, his 
native town ; the year following, intrusted with the liospital 
and public library; and in 173(5, George the Second, being 
anxious to establish a character for liis new university at Got- 
tingen, ottered Haller the chair of medicine and anatomy, 
which he accepted, and read his inaugural dissertation in Sep- 
tember of the same year. From this his fame daily increased, 
and with it his endeavours to merit it. Not confining himself 
to the mere duties of his situation, he extended liis laborious 
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researches to every oWect worthy the attention of the physician 
or the pliilosopher. He tells ns himself, in the preface to his 
Mements of Phygiolopy, that he had dissected three hundred 
and fifty human bodies, and a still f^reater number of inferior 
animals, maRy of them alive. He had repeated all the cxpcri- 
menta of those wko went before him, and instituted many new 
ones of his own. He had ensya^cd his pupils, several of whom, 
such as Zinn, Meckel, Zimmerman, &c., afterwards attained 
the highest celebrity, to xindertake each the examination of 
some difficult anatomical or physiological question which he 
proposed to them, and the results of which he himself over- 
looked. He examined the motions of the heart and lunjys in 
living animals, explored the course of the blood in the trans- 
parent vessels of cold-blooded animals, describtsl the formation 
and growth of bone, explained the difference between irritabi- 
lity and sensibility, the former of which he attributed to 
muscles, the latter to nerv es, end mafle a series of masterly and 
accurate observationv on thi; chick in (»vo, from the time of its 
appearance as a red piil.sfiting speck, until, compleh' and 
finished in all its parts, it breaks the shell and issues forth 
to “ life and light."’ After twenty years s]>ent in such pur- 
suits he ventured to eoniuieuee his long-projected work, yet 
with all the modesty of triu; genius, he declares his feeling 
that his preparations were not yet sufficient. The wf»rhl, how- 
ever, decided otherwise. Struck Avith the }>eauty and order 
that pervaded every pari of the work, witli the aecuraev of his 
experiments, the force of his arguments, the candour with 
w'hicli he attributed all due honour to other AATiters, and the 
modesty with which he proposed his own opinions, they 
declared the Ekments of Ph^siohop to he as proud a monu- 
ment as Avas ever erected by genius to seienee, find conferred 
on its autlior the title Avhich he s+ili so justly bears, “The 
Modem Father of I’liysiology.” 

It is gmtifying to know that Haller AVfis as estimable in 
private, as vcuerable in public. In his youth, lie had lieen 
drawn away by the specious plausibilities of the Freuch Ency- 
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clopedists to express some doubts of the tr^th of Christianity : 
but his WHS not a mind that could rest &itisfied with doubt. 
He set liimself to a deliberate and careful investigation of the 
arguments on each side, and the result was, as it ever vrill be, 
when the exmnination is made with a candid, simpki, and un-* 
prejudiced mind, a thorough conviction of truth of our 
religion, and of the miseries and evils which, even in a tern- 
j)oral state, >vould attend on a general profession of inhdelity. 
There ctui scarcely be a more splendid object of contemplation 
than the mind of tliis great and good man, gradually freeing 
itself from the cliilUng mists of scepticism, and the clouds of 
false pliilosophy, to attain the glorious light of a full and per- 
fect Igith, Such a spectacle are we presented with in his 
Letters, his Brief Demonstration of the Truth of Christianity ^ 
his I'reface to Formey’s Examen du Dyrrhonisrm^ and in several 
])assagc8 scattered through bis numerous works. Bui both our 
confined limits and the nature of ^our undertaking prevent us 
]>ursniiig this subject further at present. 

Before Haller’s da3^s Pliysiology we % little mom tlian a col- 
lection of isolated facts. He first gdve it a local habiUitioii 
and a name.” He luus formed the grand outline of a science 
which it has been the office of subsequent labourers to embel- 
lish and fill in. 

Here then wc shall terminate our Historical Introduction. 
To j)roceed furtlier would be to enumerate names. John 
Hunter, Bichat, Cuvier, Blumenbach, Majeiidie, &c., already 
familiar to every car, or to give a summary of their discoveries 
which must be found more at length in the body of the work. 
[The Chronological Tabic at the end of the work will supply 
the smaller links in the history of Physiology.] 
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LIFE AND ORGANIZATION. 

To investigate the laws of animated nature; to trace the plant 
the seed, on the animal from the ovum; to observe them 
developing the qualities, or perfonning the duties, to wlxicli 
they have been destined by an all- wise Creator; to inquire 
into the, beautiful structure and arrangement of organs by 
which they are enabled “live and have their being;” to 
notice their rise, progrc'ss, imd giudual decay,. from the time 
that, radiant with youth and beauty, they spring up to life 
and the light of day, until, exhausted and worn out, tlieir 
appointcHl time being come, they again return ta the earth 
“ whence they were taken — such arc the interesting, the all- 
ahsorblng objects of a science that has hitherto been considered 
too dull and abstract to engagp the attention of geneml readers, 
too theoretical and jnconelusive to extend beyond the schools 
of medical philosophy. 

That in pursuit of physiological knowledge there arc many 
difficulties to be overcome, it is not attempted to deny. “ The 
gods,” says the old poet, “ have placed labour and toil in the 
wav leading to the Elysian fields.” But many of those diffi- 
culties arose from the subject being enveloped in ttiehuical 
language and interspersed with technical details interesting 
only to the profession for whom works on this subject have 
liithei*to been comjiused. Tl^e habit, too, of presupposing a 
knowledge of anatomy, wliiclv gcnei-al readers cannot be ex- 
pected to possess, luis ,in<‘reased the or)8tacles that lay in the 
W’ay of this “ proper study of mankind.” 

In the present little work an attempt will be made to ob- 
viate some of these difficujtic;^ The })rominopt facts of the 
science will be stated as far as is practicable, in fainilifir language. 
Anatomy wdll be introduced to the extent necessary %r under- 
standing the physiological niattoi's iinder consideration, and" 
Avood-cuts will be occasionally resorted to when found to be 
the most efficient modes of explanation. 
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When we turn our eyes abroad, and ybntcmplate the ever- 
varying scenes by which we ore surrounded, the endless diver- 
sity of bodies, each filling its appropriate part in existence, and 
each seeming to obey the laws impressed on it by some master- 
inind ; we observe that certain of them are withSrawn, as it 
were, from the more general laws to which flatter is subject, 
and endowed for a time with a peculiar power, in consequence 
of which they become furnished with a new and peculiar set 
of properties. Those bodies are living bodies;* this power is 
life. Living bodies are usually divided into the animal and 
vegetah’ ^ kingdoms. It may seem at first sufficiently easy to 
mark the distinction between an animal and a plant, and as 
long. as w’c confine our views to the higher orders of animated 
beings tliorc is no room for doubt. But when we. descend in 
the scale to the riidiated animals, whicli present a nervons 
system but partially developed in some cases, and invisible in 
others, no organs of sensation, no thservable mode of connexion 
with the external world; it then becomes necessiiry to inquire 
more acciiratol}' into the peculiar pqints wliidi should decide 
us to an-angc them undtT the one class or the other. Perhaps 
the m(>st certain of these is the presence of a digestive organ. 
This, ill its simjdest state of a bag, witli but one orifice, into 
which the food is conveyed, and from which the excrementi- 
tious matter is rejected, is invariably found to exist even in the 
simplest shite of animal life. From this bag arise small pores 
or vessels, through which the initriiuciit passes for the support 
of the body, while in plants this office is perfonned by roots 
communicating directly with the ground ; and, it will he ob- 
sciwed, this variidy of apparatus is a necessary part of the 
design whicli conferred tlie poiver of motion on the former, 
and which denied it to the latter. Cuvier mentions three 
other marks of distinction which, however, are by no means so 
general. The^ are, the presence of nitrogen as one of the 
chemical components of all animal bodies, the existence of a 
circulation and res])iration. Nitrogen does exist in all animal 
but some vegetables, the extensive classes of fungi and 
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tlrweiformia^ also coi){ain it, and in cafein^ a principle extracted 
£roni coffee, there is actually a j^reater quantity of it than in 
most animal substances. Circulation is not found to exist in 
the lowest ^class of animals, hut some animalcules have simple 
TSMels; insects liavc the dorsal vessel, and crabs have a distinct 
One^elled heart J so that, from the presence of the orgam^ we 
may infer the existence of the function of circulation. As for 
m^iration, the leaves of plants so exactly resemble in tlieir 
action the lungs of animals, in taking from the air those parts 
that are useful, and returning to it such as are unnecessary or 
injurious, that they are now familiarly spoken of by vegetable 
physiologists as respiratory orgfuis. 

What life ue know Hot; what life (foea^ we know >vell. 
Life cm/iieracts the laica vf grarify. If the fluids of our bodies 
followed the natural tendeney of fluids, the\ would de.srend to 
our feet when we stood, or to our backs wdien wo lay. The 
cause wdiy they do not ma-y be refi*nvd immediately to the 
action of the liemt and vessels; but it is evident that tliey 
derive that powTr from life. 

Life resists the ejects ofmechameal }yowers. Friction, wliich 
will thin and w^ear away a dead body, actually is the cause of 
Uiickening a living. The skin on the labourer’s hand is tliiek- 
cnod and hardened to save it fipm the effects of constant con- 
tact with i*ough and hard substance^. The feet of the African, 
who, without any defence*, AVidks over the buriiing sands, ex- 
hibit alwa;vs a tliiekciiod covering; and a la^>er of fat, a bad 
conductor of heat, is found deposited be+ween it and tlie sen- 
tient extremities of tlie ncrvi's. l*n“>sure, wiiieb tluns inor- 
ganic matter, thickens living matter. A tight shoe produces v 
com, wiiich is nothing more than thickened cuticle. The same 
luubcle that >vith ease raised a hundred pounds nlieii alive, is 
tom through by ten wlun dead. 

Life presents chemical agency. The body, when left to 
itself, soon begins to putrefy; the sevei.d porta of wiiicli it is 
composed, no longer undei* the influence of a higher controlling 
powder, yield to their chemical athuities ; new coiubinationfi arc 
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fonned, ammoniaca], sulphuretted, carhux^tted, and other gases 
are giren off, and nothing remains but a little dust and ashes.’* 
This never liappens during life. 

Life modifies the power of heat. Beneath a tropical sun, or 
within the arctic circle, the temperature of the human body is 
found unaltered when examined by the thexftioineter. Doctor 
Fordyce, Sir Charles Blagden, and others, exposed themselves 
to air heated above the point at which water boils, yet a ther- 
mometer inserted under the tongue stood about its usual height 
of 98® to 100® ; and the sailors, who, under Captain Parry, win- 
tered so near the North I’ole, when examined in the same way, 
constantly afforded the same results. 

Finally, life is the cause of the constant changes that are going 
forward in owr bodies. From the moment that our being com- 
mences, none of the materials of which we are composed con- 
tinue stationary. Foreign matters are taken in from without, 
and, by the action of what are«terme<l the assimilating func- 
tions (to be explained hereafter), beeomeipart of our compo- 
sition; while, ontheotluir hand, the materials of whicli our 
frame had been built up, being now^old, and unfit any longer 
for the performance of the necessary duties, ore dissolved, as it 
w'ere, into a liquid or gaseous foim, conveyed by the absorbents 
from the j)lace which the new mutter comes to occupy, and 
finally expelled from the system by the outlets provided for 
this purpose, lii this point of view, th(‘n, it is life which gives 
unity to the several successive combinations of matter tliat 
apiH^ar under tlu; same general form ; and from the constancy 
of this form i-csults the certainty of our divisions of animals 
into species. The utility of such an easy mode of recognition 
must be obvious. Had tlie arrangement been otherwise, and 
the general I'onns been made subject to change, we should have 
liad no mtuins of distinguishing, at a dist^^nt view, noxious 
animals from such as are useful to our comforts or our luxuries ; 
the wolf might have dwelt amongst our flocks, for the eye of 
the aliepherd would then liavo foiled to detect him. 

But the very existence of this constat addition of new 

c2 
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particles, tliis const«5»t intenifiJ motion in onr textures, leads 
to the ultimate destruction of that life of which it is a present 
result. In childliood the w’hole supply is necessary for main- 
taining oui^ growth and developement. The season, however, 
for this, is soon past. At birth, the child usually possesses 
more than one-fourth of the height to w^hich it will attain ; 
one-half is gained when it is two years and a half old ; three- 
fourths between ten and twelve; while its full stature is com- 
pleted generally at the age of eighteen or twenty. For a time 
the wild restlessness and unceasing exertions of youth work off 
the additional (luantities of nutritive matter supplied l)y vigo- 
rous powers of digestion. But the youth becomes a man. 
The serious business of the world commences. His careless 
recklessness, his wild exuberance of spirits, which evinced 
themselves in constant exertion, are now' sobered dow'n. He 
becomes more sedate, his actions less violent. Tlic particles 
which are now” added to his^Trame begin to increase it in bulk. 
His muscles acquire additional W'eight, liis brmes increased 
solidity, and fat commences to accumulate in the cellular tex- 
ture. He is, however, still pow^erful and vigorous, ho is, in 
fact, in the pride of manhood; when tlic perfect body is 
governed by a matured intellect, and the consciousness of i'ower 
is moderated by the calculations of w'isdom. 

The change still continues. The fibres of the body become 
n^ore and more rigid; the solid parts increase, while the fluids 
diminish ; there is no longer the easy pliancy of limb, tlie flexi- 
bility, the grace, the facility of motion If matter continues 
to be added bow, it is laid down in the form of fat, which 
seems the least animalized and easiest secreted of tlie princijdes 
of our bodies. It collects chiefly on fclic face, hands, breasts, 
and in the abdominal cavity. We then have 

The justice 

In fair round belly with good capon lined. 

But perhaps the digestion begins to fail w'hilc absorption 
still continues its progress. The materials 01*6 carried off faster 
than I'enewed* The system makes a last struggle against this 
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preponderance ; the fat which had been previously deposited is 
called in to assist in the general nutrition. This supply is 
quickly exhausted. The density of the textures has now 
almost reached its utmost. The vessels no longer yield to the 
fluid which distends tliera ; its course is obstructed,* the circu- 
lation grows slower, with it the animal he#t is diminished. 
The extremities of tJie nerves, lacking the moisture necessary 
to the proper execution of their functions, are no Ibnger affected 
by objects as heretofore. The ear becomes hard of hearing; 
tlie eye is dimmed; the tongue has lost its taste. The flame 
of life bums more and more feebly, till at length the worn-out 
frame “ Sinks to the grave with unpcrceived decay,” and gently 
yields its spirit to the God that gave it. Thus the physiologist 
confinns the poet’s maxim, 

omnes una manct nox, 

Kt culcandu soinel via lethi, 

and evinces the necessity of wlmt holy writ declares, It is 
ordained unto all — once to die.” » 

Tile Hiin])lest form in which we see life displaying itseH*, 
re(juiro.s a structure of solids and lw[uids; the solids fonning 
meshes or cells in wJiicli the liquids arc contained, and a 
mutual action and reaction appearing to exist between them. 
This is the earliest effort at organization, and is nearly a de- 
scription of the lowest orders of animals and plants. For 
instance, the medusae, those jelly-like masses that arc observed 
floating on the sea, are little more tlian a double sac, contain- 
ing ill its intervals an immense quantity of watery fluid. Their 
chief function is nutrition, which is equally performed by the 
external surface, answering to the skin, and the internal, repre- 
senting the digestive organs; and a hydra, or fresh- water 
]>oly})us, when turned inside-out will continue to live as usual, 
the external surface then appearing to become the stomach, 
and the internal the skin. Yet even this structure, simple as 
it is, cannot be framed or imitated by the most ingenious 
earthly mechanic, llis power is confined to inorganic matter. , 
The chemist can resolve green vitriol into it& component parts. 
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sulphuric acid and hxide of iron; lie can put those jmrts 
together again, and make the vitriol as perfect as before, but 
an oiganic body is beyond his power. Ho can resolve it, 
indeed, into its solid and fluid constituents ; he can still further 
show these *to be made up of what lie calls elementary prin- 
ciples, such as o:fcygen, h^'drogen, nitrogen, and carbon ; but 
no exertion of human intellect has yet been able to put them 
together again, and make from them an organized body. 
We never,” says Cuvier, ‘^see matter either organizing itself, 
or organized by any external cause.” Chevreul, indeed, made 
what he calls a sort of oil, by the action of sulphuric acid 
on cast-iron; and Beraid made something analogous to fat by 
passing a mixture of carbonic acid, jnire hydrogen, and earbu- 
retted hydrogen, in the proportion of one measure of the first, 
twenty of the second, and ten of the third, through a red-hot 
tube ; hut no person will consider such very loose analogies as 
any reply to the general princcples w’^e have advanced. 

[Wohler and Li^'bcgliavc produced urea in the laboratory; 
alantoin, another animal principle, has also been fonued by 
artificial means; a fluid analogous to the gastric juice was 
obtained by Eberle, in 1834, and there ai’c a few more similar 
facts on record. There are some who recognise in these results 
the first facts of a science that will teach men to produce at 
will, from inorganic elements, the organic products of animal 
as well as of vegetable life; and w^ho not only identify these 
artificial products with analogous principles elaborated in living 
beings, huJt generalize the opercutions whereby both arc produced: 
but the greatest phQosophers are less sanguine of the first, and 
more humble in the last ; they cannot regard the same other- 
wise than 08 isolated, though successful, imitations of the most 
jsimple of the physical products of life ; they are anxious to 
disclaim the presumption that the powers of the chemist are in 
any way allied to vital agencies.] 

Life is constantly found combined with organization. Hence 
an attempt has been made to deduce the conclusion that it is 
the result of organization. Now, as far as the feet of oo-exist- 
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eno€ goes, it would equally prove that ca-gani/ation wils the 
result of life; but an experiment, first' carefully made by 
Reaumur, and since often repeated with uniform success, will 
teach us which conclusion to adopt. Take one of the Crustacea^ 
for instance, a fresh- water crab. Rreak off one of Its claws at 
the joint, end preserve tlie onimul where you*may observe the 
process of reparation that ensues. An exudation of a shapeless 
mass of matter first takes place from the end of the stump : by 
degrees it bcKioincs hard on the surface, and something like a 
nail appears at its extremity. At each period of moulting, this 
limb grows in a greater degree than any of the rest, becoming 
at the same time more of a natural sliapo and structure, until, 
after a given number of moultings, it iK'comes a perfect claw : 
jairfect in organization and functions, with slndl for protection, 
nerves and muscles for motion, and vessels for nutrition. The 
Hivino prt)ce.sH we sec going forward, in a lesser degive, in onr 
own bodies, whenever it is iieeesi^ry to repair a wound, or fill 
uj> a breach in the c<mtinuity of surface ; ayd it is well known 
to surgeons, what a beautiful j)rovision is made for tlie cairy- 
iiig away diseased bone, and reproduring healthy, in the aifec-’ 
tion called Necrosi^. iNow', iis tlie cause must exist before the 
effect, and as in ail these tascs we sec tliat tlie life existed 
previously to the new structure which is springing up before 
our eyes, it folloAvs tliat life is the fomative principle, and 
organization the result. 

To follow up this argument a little further. Life, ns we 
have shown, is the cause of organization. But the most accu- 
rate observations of Natural Philosophers liave never been able 
to sliow life originating spontaneously ; nor can it be the result 
of chemical or mechanical causes, for it exerts influences di- 
rectly oi)posed to their law's: we all have received our life from 
living beings of whose bodies we once formed part, in the shape 
i>f ova, germs, &c.; our forefathers, in like manner, received it 
from the generation bitfore them : coupling, then, these facta 
with the well-knowm increase of the population of the world, 
evinced by all accurate statistic accounts, and its consequent 
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decrease, as we trace it backwards, we are led directly to the 
doctrine of a common ancestor, who must have derived his life 
from the Creator. 

We have observed above, tliat or^^anization, even in its 
rudest forra^requires a structure composed of solids and liquids. 
In the instance t^ere given, they are both extremely simple ; 
the solid part appearing nothing more than a loose cellular 
structure, and the liquid water holding in solution albumen 
and a few salts. This albumen is invariably found in the nu- 
tritive fluid of animals of all orders. It is therefore looked 
on as the nutritive principle, that of which the sev'eral parts of 
the body are formed. It exists in the body in two states; 
flrst, liquid, in which state it is one of the constituents of the 
blood; mid sectondly, solid, as found in cellular membrane, 
skin, glands, &c. Liquid albumen is best prot‘ured from the 
white of eggs, which consists almost wholly of this prmciple 
dissolved in water \^ith a littjp soda and Sidts; in fact, exactly 
resembling the fluiij found in the medusa, and serving to the 
same purpose, the growth of the animal to which it belongs, 
and which, in this case, is the cliick contained in the egg. 
Liquid albumen is coagulated or rendered solid by various 
causes. In the egg, exposure to licat produces this effect , and 
it then appears a wliite, stdid, opaque body. On this property 
is founded tlio method of clarifying ])y means of albuminous 
solutions. For instance, wlicn you add tlie white of an egg to 
boiling coffee, the albumen, being coagulated l)y the heat, 
entangles in its substance all the jiarticlcs which are floating 
about undissolved, and carries them with it to tlie surface of 
the liquid. 

Mineral acids affect alimmen in the same way tm heat, but 
when once coagulated by those means, it is no longer capable 
of resuming the liquid fonn. If, however, you expose it in 
thin layers to a current of air, it dries, imd becomes a solid and 
transparent substance, which retains its solubility in water; in 
short, in external cliaracters it closely resembles that simplest 
of animal solids, wliich we have already named cellular mem- 
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brane, and of which chemistry shows it to be the principal 
compon^t part. W e may thus observe, at the commencement, 
as it were, of animated nature, the close and necessary con- 
nexion between the solids and the fluids from which they are 
formed. On this simple basis are all the orders hf animals 
built, tlie blood still increasing in complexity of composition 
as new organs are added, or systems multiplied. 

Cellular membrane then is the most important, as it is the 
most universally met with, of the solid parts of animals. It 
presents itself in the higher classes as a thin, white, sometimes 
semi-transparent, membranous substance, continuous through- 
out the whole body, exhibiting nowhere either commencement 
or termination ; it is composed of filaments and lamina* meeting 
together in all directions, so as to enclose cells of a great variety 
of shapes, which cells communicate freely n ith each other, so 
that air or liquids w'ill readily pass from one to the other. Of 
this ciixiumbtiincc, a dishonest at^^antage is taken sometimes 
by butcliers, n lio, making a hole in one of tjie cells, which are 
t(» be found everywhere, an<l introducii»g a ]>ij>e, can fi'om it 
inflate all the cellular membrane of tin* body, so as for a time 
to make it look fuller and plumper than it really is. In dropsy 
also, the infiltration of fluid, when once it has hegun, soon 
spreads generally through this structure, which usually is 
fuujid placed immediately beneath the skin. It is in suoli 
cases, that the surface pits on j>ressurc ; the finger squeezing 
the water out of the cells immediately under it, and as it only 
returns slowly, the impression remains evident for some time. 
I’his communication also shows why dropsical people usually 
find their feet and ankles most swollen tuw'ards night, the Water 
liaviiig gravitated during the day, in consequence of their erect 
position; and why, on the contrary, when they attempt to lie 
down at niglit, tliey are so often seized with difficulty of 
breatliing, and obliged to start up suddenly, or liave themselves 
supported in the bed with pillows, as the water is then pouring 
hack on their chest, and imi)eding the actions of the lungs and 
lieart. 
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The cellular mehibraiie is to be met with every where. It 
envelopes every organ, and enters into its substance ; it gives 
sheaths to the vessels, to eacli muscle, and to every particular 
fibre of each muscle ; it encloses the nervous matter ; forms tlie 
fiame^worl?, whicli, hartlcned by the deposition of earthy 
matter, constitutes the bones; and fills up all spaces in the 
body not occuj>i€d by more useful paits. Its properties are 
very simple ; cohesion, flexibility, extensibility, and elasticity. 
This last is the property of most importance, and is that by 
means of which we must suppose it capable of causing a motion 
in the fluids of the bodies of the lower animals, w^herc it is the 
only solid. This (juality is carefully to be distinguished from 
tliat power of muscles teniied contractility, as it is j)roduced 
by wholly different stimuli and maintained in a wholly diflei- 
ent manner. It is on this power, as we shall have occasion to 
show hereafter, that the action of the vessels depends, and of 
the yellow ligamentous mat^.er, which, in (piadrupeds with 
heavy heads, as th'» cow, the horse, or the elephant, is so ml- 
vautageoiusly stretched from the spine to the l)a( k of the liead, 
to support the immense weight which w’ould otlierwise requiiv 
a constant and most tatiguing muscular exertion. 



Head and neck of I'lcphnnt; ^bowing hituation of this ligament, which is 
teniic'd the ligamentum nuehec, und, by Palcy, the pajc-tvax. 


Nervous influence and electricity, which at once produce 
contraction of the muscles, are totally unable to excite this 
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power to action. Tlie membrane in the living body may be 
cut, or torn, or pricked, without producing any pain, but itfi 
elasticity may be excited by the contact of some irritating 
suT>stance9, but more particularly by the action of cold, inso* 
much that persons in whom this structure abounds, find them- 
selves perceptibly shrunk in cold weather, aUd their clothes 
hanging loosely about them. This tendency is also shared by 
the skin ; and, in consequence, a bleeding from the surface, or 
from the lining membrane of the nose, which we shall after- 
wards show to be nothing more than an internal skin, is com- 
monly stopped by the application of cold, either by means of 
a large iron key put down along the spine, or, what is better, 
a handful of sidt slowly stirred round in water until dissolved, 
as by this means, a marked reduction of temperature is pro- 
duced. Another advantage of the clastic qualities of this sub- 
stance is taken in the construction of the elephant’s foot. 

The elephant walks on the i>oii»ts of its toes, and to prevent 
them from bending under its enormous weight, a cushion of 
this cellular membrane, fine, close and elastic, containing in its 
interstices a solid gmimhir fat, occupies all the hollow part of 
the foot, and forms in a great measure the support on which it 
rests. Any }>erson Avill readily comprehend this mechanism, 
who just lialf bends bis fingers, and plaxKJS them with their 
points against a table, and observes how useful an elastic 
cushion under the palm would be, in enabling him to support 
a weight ])laced on the hack of the hand. A similar contriv- 
ance is found in the foot of the tiger and the common cat, 
placed both in the centre and under each individual toe; but 
its us(^ here is to break tlie fall in the immense bounds they 
make when attempting to seize their prey. How little a cat 
suffers in leaping from a great height, is well known. 

This tissue is found in considerable abundance beneath the 
skin, and ns it is in its cells that fat is deposited, this accounts 
for the fat being so much on tlie surface, in animals fed for the 
market, and the collections of suet about the kidneys are the 
result of an exactly similar disposition, the cellular membrane 
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appearing in this ^tuation to be used as a sort of sbeath for 
those delicate organs. 

As this is the first of the animal solids mentioned, it may 
be interesting to consider how its developement is affected by 
variety of '^situation, inasmuch as this bears directly on the 
great question, how far tlie varieties of the human kind may 
be attributed to climate and locality. Now a property of this 
membrane, not before mentioned, is, that it is eminently hygro- 
metrical; that is, it readily absorbs, and is swelled up by 
moisture. From this it nccessaril}’^ results, that the inhabi- 
tants of low moist countries will be of a fuller softer appear- 
ance than those whose atmosphere is dry, hot, and parcliing. 
Compare an Englishman with an Arab of the Desert, or a 
Dutchman with one of the Neapolitan lazzaroui. Observe 
how, in tiie former, the whole outline may be described by 
circles or curves gradually fading into one another; how the 
interstices between the muscles are filled in, and the whole 
figure is round and plump : while iu the latter, everything is 
hard, dry, and angular; the muscles start forth abruptly from 
the skin, and, on the least exertion, display themselves as if 
cleared off hy the knife of the anatomist; the cellular mem- 
brane being here so withered and dried up, as to afford but 
an extremely slender covering. This contra^st is beautifully 
marked by Sir Walter Scott, in his description of the trial of 
strength and sleight of hand between Richard and Saladin, in 
tlie Tales of the Crusadet's, That the same point liolds good 
in other animals will appear from comparing the light shapely 
limbs of an Arab steed with the lieavy unsightly hulk of a 
Flandei-s or Kentish dray-horse ; and it is remarkable that the 
slender bone of the foi^ner is so much closer in grain, and 
denser in material, that it. actually outweighs the large open 
porous bone of the latter. In some animals, the cellular 
texture immediately beneath the skin is extremely lax, thus 
allowing great freedom of motion to tlie skin. This is peculi- 
arly observable in the Batrachiaii reptiles, such as the frog, 
toad, &e, ; and in consequence of this, and the peculiar mode in 
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which they breathe, by swallowing the rilr, they are enabled 
by fillu)g their lai*ge vesicular lungs, to inflate their bodies to a 
very great size. The fact has been long sance observed, and 
made the groundwork of the well-known fable of tlie Frog and 
the Ox. The skin is nothing more than a modiflctflion of this 
cellular structure, but we sliall reserve the eoasideration of this 
until wo come to the sense of touch. Other modifications of it 
present us w ith the coats of vessels, ligaments, tendons, carti- 
lage, and bone ; which last differs from the one preceding, only 
by containing a quantity of earthy matter, consisting chiefly of 
the phosphate and carbonate of lime. 

A more curious modification, and the last we shall notice, 
is that by w'hich it is converted into serous membrane. In this 
form it appears exceedingly fine, transparent, deprived as it 
wei-e of its cells, and lubricated on its internal surface by a 
fluid, whicli is constantly exhaled, and as constantly during 
health absorbed. Serous mcmbr^ie is invariably found in tlie 
form of a shut sac, that is, a bag closed at lv>th its extremities. 
[There is an exception to this in the serous membrane tJiat 
envelopes the intestines of the female, which is perforated at 
the free extremity of the tube through which the ovule i>asses 
to the w’oriih. This is the only place hi the whole body wdiere a 
serous membrane communicates with its exterior.] It is used 
in the system to cover neighbouring organs wdiich require some 
freedom of motion among themselves; and to facilitate this, it 
is alw’ays its external siiiface that is applied to the organ, wliile 
its intenial, lieing free, moves easily on the opposite surface, 
also intenial, with which it is in apposition. Thus, while it 
covers an organ, the oigan is actually outside it, and it is 
possible to conceive the oigan freed from it without making an 
opening in it, or destroying its continuity as a closed double 
membtane. This probably requires a little further explauation. 
The most important of these membranes in the body, are the 
arachnoid, wdiich envelopes the brain ; the pleura, the lungs; 
the iiericardium, the heart ; the peritoneum, the intestines ; 
and the tunica vaginalis, which, in foetal* life, is pontinuoua 
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with tlie peritooieum) but afterwards becomes a sepeurate sac, 
and covers it® own organ. Now, perhaps, of these, the dispo- 
sition Of the pleura will most easily explain how an oigan may 
be covered by a membrane, and yet be without it. 

This dSiagram will give an idea of the mode in whicli the 
serous sacs would appear in a horizontal section of the cheat 
made about its centm. 



A Tlie back-bono. 

BB The rib on each side Joined by 
D D Their cartilages to 
V The breast-bone. 

F Space occu}>ied by Hgbt lung. 
f» IMtto by left, 
ri Ditto by heart. 
a t Tho 8erf)U9 sac, which at the 
some time invests tlie left 
luHK and tiic opposite ribs: a 
ought tol>e closely laid against 
the rib h ; for the sake of dis- 
tinctness i t is a little removed 
from it It is ^evidently the 
outside of the sac, which i» 
laid against the lung and the 
rib. The inside, between u 
and I, is free, and here one of 
the surfaces glides easily over 
tho otlier, allowing the nec'es- 
sary motions of tho lungs lu 
expiration and inspiratloa. 


The serous membrane, it is evident, does not entirely cover 
the lung. A space is left, x .r, termed the root of the lung, hy 
which blood-vessels enter, also the first divisions of tho wind- 
pipe, which are here represented subtlividing themselvo-s into 
three principal tubes for the right Jung, and tw o for the left, 
answering to the number of their lobes. 

The fact that a man’s head, though covered by a double 
night-cap, is yet outside it, may be added d.s a familiar illus- 
tration. It is clear, that to get inside it, he should rip It up. 

This cut will also explain a eec*ond Ibnn of dropsy ; for us 
the exhalation takes place constantly on the inner surface, and 
therefore into a close sac, if the absorption should, at any time, 
from debility or other causes, become iusufiicient to lumove it, 
a coUeotipn of fluid must consequently occur, and as the ribs 
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will not yield, the pressure is thrown emtirely on the lungs. 
This Ibnn of dropsy, which is commonly termed water on 
the chest, is so much more dangerous than the former, which 
was mere mfUtration of the subcutaneous cellular structure, 
inasmuch as a direct obstruction is here offered to^the play of 
the most important vital organs. The duller is indeed so 
imminent, that not unfre<juently an incisipn has heou made 
between the ribs into the sac, and the flilid thus drawn off. 

Small scrolls membranes, with a rather more viscid fluid, 
are also placed at all the joints, their outer surfaces being still 
those which are applied to the extremities of the bones, while 
the inner, resting against each other, afford beautifully smooth 
and lubricated surfaces for every kind of motion. It is clear, 
the thin aqueous cxlialation that sufficed, while the luotioifwas 
between two soft oigans, would no longer answer here. It is, 
thei’efore, changed in its (|ualLtie3, rendered thicker, of a con- 
sistency more approaching that oi^ oil, or much resemblix^ tlio 
white of an egg. Anatomists call it sy no vi^; from its evident 
use, Paley gave it the appropriate name of joint-oil. Similar 
structures are found developed beneath tendons, in false joints 
the I’esult of accident, and in short, wdierever free motion is 
necessary. Put that no doubt should remain as to their use, 
when motion is preienh^d, these structures disappear; thus, 
w'heii a surgeon is treating a fractured limb, as soon as the 
union of the bones has acquired some consistency, he becomes 
most anxious that the iieighhourlng joints should every day 
iiavc a gentle degree of motion. He know s that, if he De- 
lected tliis, the synovial membrane of the joint would be 
absorbed, as if the constitution perceived tliat its ofiices were no 
longer re<piired ; adliesion w^ould take place betw^een the opposite 
surhices, and the imtieiit w ould rise with a stiff joint. 

Comparative anatomy fumislies a still more interesting 
proof. The lungs of birds are immoveable, as w'e shall have 
occasion to explain more fully iii our chapter on Respiration; 
consequently it w ould be of no use to envelope tliemin a double 
serous sac, as is done with our lungs. Before, ho weaver, this 
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was argued out hf man’s reason, it was known to the Power 
that secretly mode and fasliioned them. The membrane is 
omitted^ and the lungs adhere closely against the back-bone. 

Enough has now been said (in proportion to our limits) of 
this .structure, which, from its Jjeing so universally diffused, 
tod from its appearing to be the origin of the otlier structures, 
has received from De Bloinville the name of “ the generative 
dement/’ [The llowei*s of all wild roses consist of four distinct 
parts pbiced in circles, one wuthiu the other. 1. A circle of 
five green leaflets upon the outside. 2. Another of five larger, 
tod generally pink leaflets, called petals. S. Another ring of 
more tlian twenty thin tlu*ead-like stamens ; and, lastly, 
several thicker thread-like styles in the centre of all. No two 
of these parts differ more one from the other than the large 
pink j)etals do from the delicate thread-like stamens; yet all 
are composed of the same cellular tissue, and the latter may bo 
changed into the former bj> cultivation. In the cabbage-rose 
these threads nia}^ be seen in all stages of transformation ex- 
panding into bn^ad ])etals; and, like the metamorphoses of 
insects, should familioi’ize our minds witli the unity of the 
internal structure of the whole, notwithstanding tlic apparent 
dissimilarity of the parts. 

The most simple plant when fully gi-owm, and the embryo 
of the most complex, consist of tlie sfime material moulded in 
the same form — a film of cellular tissue, like a soap bubble, 
which has arrived at its maturity in the firat case, wdiilc in tlie 
last, it has to be condensed into cells, and vessels, and epidemi, 
before the tree can be developed. The adults of the most simple 
animalcule, and the embryo of a mammal, are also alike in fonn 
and substance ; but the one lias perfected its being, wliile tlie 
other, in words of anatomical tratliority, ‘‘ becomes condensed 
on tlie surface to fonn tlie skin; the skin folding inwards, 
forms n stomach, or by passing through the body fonns an 
injestiiial canal, which, by Lateral prolongations, form glands 
tod vessels:” ancl the indirndml organs thus der^eloped, succes- 
sive^ assume the same series of cltanges of form and function^ 
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fffhaher we trace them through eeety species of animal^ from the* 
lowest to the highest^ or follow the same organs through the det>e^ 
lopemmt of the individual man from his conception to his birth and 
maturitg. We cannot too strongly impress these, large but 
simple truths upon the student’s mind. The metmorphoses 
of this hrst tissue of life into parts that appeal to our senses aa 
dissimiltu*, in size, and fonn, and colour, are innumerable ; but 
the material is the same in all, infinitely plastic and obedient 
to that Word which, in the beginning, said, ‘‘Let there be 
life,”] It has been sliown to be the earliest deposited of the 
animal solids, to be found in the simplest state of animal life, 
and to co-exist with a fluid which supplies the materials for its 
formation, the most important of which is albumen. The two 
other textuirs which are found in the more perfect animals, 
and which we have next to consider, are the muscular or con* 
tractile, and the nervous or sensitive. 

That part of an animal w'hicl^is usually tenned the flesh, 
or the lean, as contradistingubhcd from the Tat, is muscle. It 
is always of a fibrous apjvearance, andjn the higher animals is 
usually of a deep red colour, which is owing to the quantity of 
blood it contains. The colour, however, is by no means in- 
AViriablc, but seems rather proportioned to the perfection of the 
muscle and the (piantity of exercise it undergoes. Thus, in 
the carnivorous animals, the lion, the tiger, the cat, it is a deep 
and well-marked red. The same is the case in tlie stronger 
graminivorous animals, as the horee, the cow; and it will he 
observed that in tins latter the muscles do not acquire their 
appropriate colour until in some measure advanced towards 
maturity, the flesh of the calf being well known to be white* 
In other animals, such as the rabbit, which, weak and timid, 
generally keeps itself scjuattcd in its hole, or ranges hut a very 
short distance from it for food, and consequently has no neces- 
sity for much vigorous muscular exeilion, the muscles are 
white and soft; while in tlie hare, which has no hole for 
shelter, but depends chiefly on its speed for protection against 
the attacks of its enemies, the muscular fibre is much more 

D 



94 hl¥R AM> OfiOA NIDATION. 

disUxust, anli of a yery deep colour. M ibose last two 
animab adeo feed in exactly the aaiue way, it cannot be true, as 
scnne have pretended, that this difference of colour can depend 
can difference of food. The nearer approach to maturity, or 
the greater habit or power of cxerrion, are the true oaoses to 
which it should1>e referred* ^ 

The nature of the place inhabited is also to be taken into 
aocount, and w'e shall lind those mammalia that inhabit the 
oea, such as wdiales, dolphins, porpoises, exhibit a remarkably 
deep colour in their muscles, which may be fairly attributed to 
the great quantity of daik venous blood circulating in those 
animals. Of birds, such as are of high flight and powerful wdng, 
principally birds of pn^y, show this and other qualities of 
muscle in tlie greatest perfection. Birds, on the contrar^’^, tliat 
fly to no great distance, do not nest in trees, but usually remain 
on the ground, have their muscles soft and white. Such are 
the common barn-door heilj the turkey, tlie partridge. Age 
also shows its inflftcncc here. In many })Iaces pics are made of 
young rooks, caught before they arc able to fly, as at that 
period their flesh is white and tender : in the full-grown bird 
it is rank and almost black. The influence of situation, too^ is 
observable. Aquatic birds, such as ducks and goose, have their 
flesh invariably dark-coloured; but tliough it imitates in tint, 
it never approaches in density, to the muscle of birds of Iiigli 
flight. In white-blooded animals the muscles, as far as we 
know, are always white. The crah is an exaiujde. 

Jt is to be observed tliat a muscle, such as it appears to us, 
is a compound organ, consisting of the peculiar muscular, or as 
De Blmnville calls it, fleshy matter, deposited in little sheaths, 
formed by the cellular tissue, and supported with arteries, 
veins, lymphatics, and nerves. These cellular sheatlis, which 
enclose the fleshy matter, meeting together at tlie ends, and 
becoming condensed, form the tendon in which we so generally 
find a muscle to terminate. 

The central part f in which the fleshy matter is most col- 
lected, is termed the belly of the musede. The tendon t is 
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shom to be ibnnod by the cellular partitioiw meeUngf tti Ike 
extremity. Sometimes this order of parts is revemd^ tbe 



Cut of Muscle; showing fleshy holly and tendon. 


tendon being in the centre, and a fleshy bdly placed at each 
end, as is found to occur in the muscle of the throat which, for 
this reason, is termed digastric or double-bellied. The reason 
of this deviation we shall speak of when describing the act of 
swallowing. But wliutevor may bo the arrangement, it is in 
the fleshy part tliat the peculiar quality of the muscle, which 
Haller terras irritability, is found to exist. 

This ({uality, which is now more usually termed contfl^- 
tility, is that by which a muscle, when stimulated, diminishes 
its length, and thus causes its extremities and the bones to 
which they may be attached to approach one another. It is 
evident that if one of these extremities he fixed, the other only 
will be acted on, and tJiis is the principle of ail the motions 
performc'd in our bodies. To investigate the nature of this 
power was long a favourite object with physiologists, aUd the 
results of their inquiries aftbrd melancholy instances of learned 
trifling and misdirected ingenuity. Of the immediate means 
by which the contraction is performed we may liavo an idea 
fium the inicroiscopical observations of MM. Prevost and 
Dumas, wlio inform us that the muscular fibres, which durii^ 
relaxfition are straight and smooth, become wrinkled up in a 
^ig-s^ag direction during action, and thus shorten the distance 
between their extremities. Perhaps the theory of the mode in 
which this is produced may be cited as one of the most inge- 
nious framed on this subject, though it is by no means satis- 
factorily proved. The action of the nerves is allowed by all to 
1)6 the appropriate stimulus to a large class of muscles, nsonely, 
those of voluntary motion. The smallest muscular fibre seems 
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supplied with its nervous hbril by which this stimulus is con- 
veyed: and this stimulus is supposed (on what grounds we 
shall state hereafter,) to be identical with the galvanic or 
electric flyiid. Tlic most accurate dibsections, assisted by 
glasses, seem to show that the ultimate course of tlie nervous 
fibrils OTObses the direction of the muscle nearly at right angles, 
or 06 represented here. 



Cut exf)laining Theory ot Muscular Contraction 

Let M (fig. 1) represent the muscle; n tlie nerve aj)proaching 
it; n the fibrils of the nerve di\idiiig to suj>jily the 

muscle, and crossing its fibres almost at right angh*^. WliciK 
therefore, by the act of volition the nervous influenee ptsses 
along n r/** these lH‘come electrically atti acted lo^^urdi^ ea«*h 
other, the intervening parts of the muscle arc wrinkled up to 
admit of their a])proach, and thus contiactiori is ju’oduced. 
This is represented in fig. 2, and AIM. Pic vest imd Dumas 
assure us that the nervous hhrils are then iound to wcupy 
exactly the angles formed by the wr^ukling of the niuscle. 

To enumerate the other theoiies framed on this subject, the 
chemical, the meclianical, would require a lojig cliaptcr, 
and would be beside our object, whkh is rather to convey facts 
than to record opinions. Theories have often done for physi- 
ology what commentaries have tione for original w orks, they 
have rendered that which was clear doubtful, and that which 
was doubtful uninteUigible* 

Anotlier qu-dity of the fleshy matter is, that an increased 
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demand for it always produces an increased^supply. The more 
a muscle Is exercised, the mbre it grows in hulk and densily'. 
Every one has observed the size of the mttscdes in the calf of a 
dancer, and the great developement they acquire on the arms 
and cliest of a smith. Rest affects thetti in a directly contrary 
manner. Tlie fleshy fibre seems to be by degi;^3 carried away, 
and its place supplied by fatty matter. This degeneration has 
been observed in those muscles w'hich have had their action 
prevented by paralysis consequent on certain poisons of lead. 
The muscles, too, wiiich are provided for the motion and sup- 
port of that naturally flexible column, the 'human spine, finding 
that sup])ort is given by tight stays, and idl motion prevented 
by the use of stiff whalebone or steel plate% yield up their 
office. Nothing useless is suffered to continue in the frame, 
consequently they become absorbed ; and, in place of the fiill, 
plump, muscular cushion w’hicb should run along each side of 
tlie spine so as to lenvc it actuidly sunk betw'een them, the 
anatomist finds nothing but cellular structure with a few pale 
emaciated fibres; tlie processes of the back-bone project like so 
inan}^ unprotected points, wdule the poor victim of an absurd 
fashion having marred Nature in her fair proportions, is com- 
pelled to centinue those external supports, the necessity for 
which slie lias entaile<l on herself. 

Of the chemical composition of muscular matter it is not 
necessary to say much. The analyses made of it have generally 
been iiiijjerik't, inasmuch as the wdiole muscle has generally 
been ojierated upon at once. But it is shown above that a 
muscle is a very comjiound organ, containing, in addition to 
the proper muscular matter, cellular membrane, blood-vessels, 
nerves, and lymphatics. This is an evident source of inaccuracy 
that has not been sufficiently guarded against. The proper 
matter, however, is termed fibrine, and it is found to contain 
nitrogen in very great abundance. As this is the element 
w’hich prevails in animal bodies, and in most cases distin- 
guishes their chemical composition from that of vegetables, it 
is usually termed the animalisiug principle; fuid fibrine, as 
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oentaiBing iim « higher degree than other parts of the animal 
body, is said tcvbe most highly animalised. This iihrme is pio* 
cared by pourhig^vsiicceafflye qaantities of cold water ow a 
iirascle, say, for instance, the lean part of beef, antil you hsTe 
washed away most of the odour, which depends on the Wood 
and seme loose fit, albumen and jelly that may have adhered 
to it* Then use boiling water, which will extract whatever 
may remain of those principles, together with a new principle 
termed oamazdine, the principle to which soup owes its pecftliar 
fiavmtr and odour. You will have then remaining nothing but 
a white fibrous texture, insipid and inodorous: this is hbrine, 
the esscmtial part of the muscle. As an animal verges towards 
old age, you will find less of the fleshy matter, and more cellular 
sheath* It is on this account that old meat is tough. 

in making some improvements in Paris, it was found necea^ 
sary to intrude on ground which had for many years been used 
os a burying-place. In removing the l>odies for tliis purpose, it 
was foimd that the^muscles and other soft parts had been con- 
verted into a gray fetty-looking matter, of a peculiar, but not 
very disagreeable smell. This alteration was most complete in 
the bodies which had been interred about throe years, and 
occupied the centre of the pits in which they were piled. This 
singular appearance attracted the notice of the Parisian che- 
mists, and an accurate examination showed it to be a sort of 
soa^, formed by the combination of ammonia, vvhioii all annual 
bodies give off in putrefying, with a peculiar fat termed adipo- 
circ, into which it was found muscle could be converted by tlte 
action of nitrk acid, or of moisture continued for some time. 
Pursuing up this discovery, they found that this change w^as 
operated much more quickly by immersion in cold water, 
especially in a slow running stream; and the idea thence 
occurred that by this means the carcasses of animals not fit for 
food such as dogs, cats, hoi-ses, &c., might be, as it were, nianu- 
foetsred into fat, and used for purposes of domestic economy. 
Atimpts were made both in this country and in France but 
filled, because n6 means could be found of removing a certain 
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unpleasant smell that accompanied the fat^ produced in this 

way. 

We now come to the nervous matter, by means of which 
tlie directions of the will are communicated to the muscles, and 
our connexion with the external world altogether supported. 
Its functions are so important as to require sej^arate considera- 
tion, so that wo shall here mei*oly view it as one of the con- 
stituent parts of the animal bo<ly, and consider it with respect 
to its characters and mode of distribution. If a nerve be 
examined, it is found, like a muscle, to have always a cellular 
sheath, and in this in deposited the proper matter of the nerve» 
which is ti'rined neurlne, Tliis neurine is a soft, almost semi- 
fluid substance, var^dng in colour from a ebiur white to a gray^ 
yellowish, or even dark colour, Kxamined chemically, it is 
found to contain aiar^e (quantity of water and albumen, with 
• !t peculiar I'atly matter, osmazomc, phosphorus, 8ul])hur, and 
some salts. It is thus a very com^pund substance, indeed the 
most so of the constituent solids of tlie lK)dy.^ It is to he found 
in gi*oater abundance in the brain, which De Blaiiiville 
scribes as a very loose cellular web Until large meshes, into 
which this nourine is secreted or deposited by the numerous 
hlood-vcss<ds with wdiich it is supplied. On the external part 
of the lirain it is of a gray colour, and is ttumed cineritious, or 
cortical, while internally it is of a pure wdiite. In the spinal 
marrow this order is reversed, ilie gray being in the tHJiitrc, so 
that the term cortical becomes here improper, and the white 
towards the surtacc. In the nerves, the white matter only 
ap})ears, while the ganglia seem altogether gray, to which a 
reddish tint is given hy the hlorid wdiich tliey contain. It is 
usual then to divide the nervous system into^foiir parts; the 
>>rain, the spintil marrow, the nerves, and the ganglia. 

The brain is the great centre in wdiich all imprestaons are 
]ierceived, and from which the stimulus to motion emonata. 
It gives origin directly to all the nerves of the senses, and etm 
to tlie nerves which produce motion in the muscles of tlie eye, 
the general musdes of tlie face, the tongue, tlie upper part uf 
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the throat and windpipe, in abort, those whieh we might con- 
sider it advantageous to have more immediately under the 
command of the will. If the nerve be divided between the 
brain and any of thosor organs, the organ is rendered useless. 
Thus, if y«u cut tlie optic nerve, though the eye may remain 
as perfect as before, though the light may fall as fully on it, 
there is no perception of it, because the medium by which the 
impression should be communicated to tlie brain is cut oif. 
From this we conclude that one office of the brain is to per- 
ceive, of the nerves to convey, impressions. The nerves always 
arise in pairs, one for each side ; and nine of these pairs have 
their origin from the braiii. The spinal raan*o\\' is, as it were, 
a continuation of the brain along the canal of the back-lmne, 
for the more convenient supply of nerves to the muscles and 
integuments of the body. It serves its purpose, however, only 
as long as it is in coimcxion with the bruin ; for, if divided 
anywhere, all the parts supplied u ith nerves whose origin is 
below the division become paralyzed and insensible. It appears 
to consist of four columns or rods, of which the tw'o front give 
origin to tlie nerves of motion, and the two posterior to the 
nerves of sensation. The nerves themselves are small white 
cords, appearing, w hen examined with the misroscope, tc# be 
made up of numerous filaments, each having its oa n peculiar 
aheatli, and all enclosed in a gtmeral sheath. 



Jdk^nified view of a Nen'c, oxhU>ninff ' common sheath of norve ; / uu« filament 
cni9#<ectcd out. 

The ganglia are always found deep in the frame, as in the 
inHifOst parts of tlic chest, abdomen, &c. The nerves which 
issue from them go to supply the most important organs, as tlie 
heart, liver, and stomach. They are for this reason termed the 
nerves of organic life; and from their innumerable junctions 
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and intertwiiiitigs with each other seems to Arise the sympathy 
between the several parts which unites all the organs in com- 
mtinity of feeling, relation, and action. Every ganglion is 
directly united with the one which precedes and follows it; 
and the nerve by means of which this connexion is^ontinued 
through the wliole chain, is termed the great sympathetic. 

We have thus got an idea of what are termed the primary 
solids; the cellular texture which gives form to the frame, and 
envelopes and hinds together all our organs; the muscular tex- 
ture, which is the immediate agent in all motion; and the 
nervous texture, on which depends our sensation. The next 
thing to he considered is, in what manner these arc put to- 
gether sO as to fonn a living bod^^. 

A medusa, it was stated before, might be considered as a 
sort of donhle sac, possessing two surfaces; an external, per- 
forming the office of the skin; and an internal, jierforming 
those of a digestive canal. The i^me general view' m^^ be 
taken of every animal. We now projmse ^iplying it to the 
liighest, man. The human frame, then, lias ibs two surfaces; 
the extenial, the skin; the internal, the lining membrane of 
the alimentary canid; and these are accurately continuous. 
Let a person observe carefully any of the orifices of the body, 
say, the mouth or nostrils; he will readily perceive thatt there 
is no point at w Jiich he can say the skin ends and a new mem- 
brane commences ; but he will observe the skin folded in over 
the edges of tlie lips or nostrils, to acquire new pro^ierties in 
its new situation, and to become more vascular, as shown by 
its greater redness, softer, and constantly moistened by the 
secretion from a number of little glands placed immediately 
beneath it, and w^hich are termed mucous. In short, the skin 
has been converted into what is termed a mucous membrane, 
and in this form lines the mouth, throat, stomach, and all the 
intestines, resuming again at their termination, its original 
characters and appearance. Man is thus a double sac, having 
in his external surface all the organs of the senses, the means by 
which he communicates w'ith the extemdl world; and in 





or tslose to his hitdimal surface, all tliosc glcaids, such as the 
liver, pancreas, whose secretions are necessary or useful for 
digesti(Hi« In the intervening texture will be found the skele- 
ton, the fiumework on which the w'hole is supported, and the 
amseles bjr which the whole is moved. Here also are found 
<di tliose organs charged with elaborating, either tlie impres- 
skms transmitted from the external surface which should give 
perception, sensation, volition, &c., or the nutritive materials 
fumisdied by the internal surface ; such are the organs of circu- 
Lfttion and respimtion. This is a general outline of the human 
B»me, wliich we proceed to fill in more in detail. 

The function by which all the parts ai’e furnished with the 
materials necessary for their growth, should clearly Ijc tlie 
first examined. This function is Digestion. 


CUArTEU HI. 

DIGESTION. 

Part I. Of the Mouthy Teeth, and GvXlet. Chewing and 
Swallowing, 

The function of Digestion, by wdiich foreign su’ustanccs taken 
in arc applied to repair tlie waste of tlie hotly, while such 
parts of tiiem as are uspIcms are rejected, exists through the 
whole scale of animal life. The onriuis for the performaiuie of 
this function are, in the lower animals, extremely simple, con-^ 
sistiDg of little more than an orifice through which food is 
admitted, and a sac. in which it undergoes the necessary 
changes. But, as we ri.se in the chain, new parts are con* 
tmually added, and wo recognise at List, means of seizing the 
food ; of cutting and bruising it ; of .subjecting it to a sort of 
ITTOpctratory maceration by means of salivary glands ; of swal- 
lowing it through a passage rendered constantly moist and 
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^^pciy to foeilitate its progress; of perfofoimg the peenliar 
offices of the stomach, to which properly the name of digesiioiL 
belongs; of ensuring the mixture of the chymo, or matter t^us 
prepared, with certain secretions, the bil^ the pancreatic jukse^ 
&c^ which produce further changes on it, aeparating^he 
or nutritious part from the rest; of absorbing^ this nutritions 
part so that entering the circulation it may be conveyed to all 
regions of the body ; and finally of passing on the useless or 
excrementitious part until it is expelled from the system. 

In considering such a variety of operations, it will be neces- 
sary to follow some order, to eii8Ui*e a due sliare of attention to 
each. We shall first then examine the month mid its appen- 
dages, as placed at the summit of the alimentary canal ; next, 
the msophagus, or gullet, through which the food is oonveyed; 
thirdly, tlie stomach and small intestines, including organs, such 
as the liver and pancreas, which unite their offices with these; 
fourtlily, the means by which the i^tritive matter is retained; 
and fifthly, those by which th<‘ residue is excelled. 

The month sliows itself at first as a mere sucking orifice, 
unfurnished with tci^th, tongiu\ or jaw-bones. The earliest 
rudiments of these may, perhaps, be observed in certain mol- 
lusca, such as the snail, in wliicli also, it is well known, the 
salivary glands are well develojKjd. In worms, as, for example, 
the Icecli, its powers of suction are familiar to every person; 
hut here it is also supplied with a double row of fine teeth, by 
means of which it penetrates the skin, while the suction jwo- 
ducing a tendency to a vacuum, the blood rushes towards the 
place, and continues to be drawn until tlie animal is quite 
filled. The mouth is here also an oi^n of locomotion, aaby 
this suction-power the animals fix their anterior extremiiy, 
and then draw the posterior towards it. In insects true jaw 
exist, wdtii this peculiarity, that they are always lateral, that 
1 b, act from side to side, not from above downwards, as is the 
case in all the mammalia, of which we may take ourselves as 
an example. In some animals of this class, os bees, the jaw 
sat lengthened out, rounded, and united together, so as to f<nm 



DIOBITION. 


U 

a beautiful little tabe, through which they suok up the fine 
juices from the nectaries of flowers. In fishes we seem to find 
a connecting link between such animals as haye teeth and such 
as have them not, the sturgeon being an example of the latter 
kind, whKe the pike adequately represents the former, show- 
ing teeth, not o^ly in tlieir usual j)lace, but on the tongue, the 
palate, and even in the throat. In reptiles, too, the same 
varieties occur, from the tortoise, which has merely hard homy 
gums, meeting like the blades of scissors, and cutting its food, 
up to the fangs of the rattlesnake, or the formidable rows in 
the jaws of the crocodile. 

In birds, the teeth again vanish, and the jaws become pro- 
longed and hardened, assuming the form of a beak or bill, 
which can no longer be used as an organ of mastication, but 
merely serves to pick up their food, as in the common fowl ; 
to assault and destroy their prey, wlicn it is always combined 
with strong wings and powerful talons, as in the eagle, liawk, 
&c.; or as a niea^s of climbing, when it assumes the peculiar 
hooked appearance which we observe in the parrot tribe. In 
some long-billed birds, such os the snipe, duck, woodcock, the 
beak is covered by a soft membrane, abundantly supplied with 
branches of nerves, by means of wdiich they are enabled to use 
it as an organ of touch. This is absolutely necessary in their 
case, inasmucli as these animals, constantly seeking tlieir food 
by their long bills, in phices out of view, must be endow'ed 
with a power of discrimination in that part to enable them to 
reject such things as would be useless or prejudicial to them. 
The bill of the woodpecker is long, pointed, and wedge-like, to 
enable it to pene^ate into the decayed trunks of trees, in which 
the insects tliat form its food are found; and it is still further 
assisted in this by its tongut, which is furnished w ith shaiq) 
homy points at its extremity, and being very narrow, and 
capable of protrusion to a great extent, serves for searching 
into the smallest crevices. But in no bird is an apparent defect 
more really a beautiful instance of the adaptation of organiza- 
tion to the supply of natural want than in the cross-bills. 
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These little birds deiive their name from tHe upper mandible* 
of the bill not lying exactly over the lower at its extremity^ 
but curving downwards, generally to the left side, while the 
lower curves dpward, and to the right. 



6kull» vflih MnndibleM, of a Cross-bill. In this Rpecixnen, the overla]fki>{ng does 
not appeiir to have been made in what wo consider the 
moat ordinary direction. 

From the appearance of this bill at first, we should be inclined 
to pronounce it totally useless ; for how, w'e would say, can 
thcee points, which cross each otli^r, serve to pick up seeds, or 
how can the mouth be opened sufficiently wdde to catch in- 
sects? Neither arc they suited to a bird of prey; as how 
could it attack any animal with sudi an ungainly weapon? 
But these are not the objwits for which it was formed. This 
bird wfw« to nourish itself by the seeds picked out of the cones 
of the pine and different firs, and it has got the instrument 
most exactly suite<l to this purpose. It has the power of 
bringing the points of its mandibles together, and inserting its 
beak in this state under the scale of the cone, it then opens it 
by drawing its lower mandible sideways, in which direction it 
is evident the scale is much less capable of offering resistance, 
than if attempted to he forced directly upw^da. The seed is 
thus uncovered, but the hiixl has not yet attained it. For this 
purpose it is furnished with a long scoop-like tongue, sharp on 
the edges and towards the point. While, therefore, the scale is 
separated from the body of the cone by the beak, the tongue is 
enabled to direct its cutting scoop undemeatli the seed, which 

* Mandible, pio term applied to the upper and lower ports of the beak Id 
birds; what in other animals we would term the upi>cr and lower jaw. 
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is 4 it the root of ihtli 60^e> the food thus dislodged is trsoi** 
felted to the mouth. 

But we now come to the last and highest olass of animals, 
the mammalia, to which also we ourselves l>elong; and in 
every onffiir of these, except one, we find the mouth furnished 
with teeth. This order is, from the peculiarity of the circum- 
stance, termed edentata^ or toothless ; and includes very few 
animals, chiefly of the sloth and ant-eater kind. In fact, tlie 
name is only applicable with propriety to these latter, and as 
their food consists of insects, already sufficiently small, and 
perhaps occasionally of honey, it is evident that organs for 
chewing or grinding the food would here be useless. In place 
of them, they are provided with long and powerful claws, by 
means of which they root up ant-hills, and a thread-shaped 
tongue, covered with a thick slime, which licks up these in- 
sects in great numbers. With this exception all mammalia 
have teeth, and the variet^^^of their naturtj, uses, and distribu- 
tioQ, have furnished naturalists with some of the most useful 
characters for classification and distribution. As these varieties 
of the teoth are always connected with varieties in the stnit^ 
ture and functions of other parts, or rather of the entire frhme, 
it will be necessary to consider some of the most [)rominent of 
thorn. The mode in which teeth originate and grow is, per- 
luips, one of those questions on which physiological inquiry 
has led to the most satisfactory results. Every tooth presents 
us with two parts, the ivory or body of the tootii, and the 
enamel. I'hc existence of this last, indeed, lias been denied in 
the tusks of the elephant, in those oi the walrus, the iiarwal, 
and in the inclsortteeth of the African hog; yet in all these W'c 
find an external thin covering of a difi'erent substance from the 
body of the tooth. 

If at a very early period, say during fa‘tal life, wx examine 
the jaw's, we shall find, between tin; bony plates termed 
alveolar processes, a soft round ]>ulp deposited, by which the 
body of tile future tooth is to be formed. It is in great 
part surrounded by a sac, the office of which* is to deposit 
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(m it the eimmel. Thu onetDel in tis eOTeis the erown 
And body of the tootli, and Teaches as far as the nadc, mr 
the fM)int where it is implanted in the gams. For iaataBDtee, 
lot this represent a section of a jaw-tooth : the 
hiiigs juad body of the tooth, which arc made 
of ivory, are represented eluded; the enax^iel, 
reaching as far as the neck of the tooth, is re- 
proBonted wliite; and the darkened figure in 
the centre, represents the cavity in the lH>dy 
of tlio tooth, containing the remains of the pulp, to 
’which canals are seen leading along each fang, , through which 
ran vessels and nerves. But to return to our pulp. If we 
examine it a little later, we shall perceive a fine scale of fibne 
or ivory deposited on its uj)per surface, supposing it to be in 
the lower jaw. Tliis scale we can detach with onr nail, and it 
will present exactly the figure of the future tooth. It be 
discerned in the figure as the houuding line between the body 
of the tooth and the enamel. Successive scales continno to he 
depasited within this, gnuhudly dimhiisliing the size of the 
pulp, until, at length, nothing remains but the small portion 
shown above. ’^I'lie body of the tooth is now formed, and the 
sac, which envelo])os it Jis far as its neck, commences to deposit 
upon it the enamel, jilways in a direction perpendicular to the 
surface. The growth contimiing at the same time at the roots, 
the crown of tlie tootii, thus covered, is pushed up, and gradu- 
ally cuts the gum; in its progress, also, necessarily tearing the 
sac: which had dc}K)sitecl the enamel. From this it is clear, 
tliut if the enamel ])e in any way injured or destroyed, there 
are no means fur its reparation ; and as Ave know it to consist 
cliemically of cei’tiiin salts of lime, which are soluble in acids, 
vk'e see the danger of lusing such a]>plicatioiis us contain them, 
find which are too often sold under the name of detersive mix- 
tures, dentrihees, &c. They certainly remove dirt or tartar 
from the surface, but they as certainly remove with it part of 
the enamel, so that if their use be continued, the enamel is by 
degrees totally destroyed, and the soft ivory left bare Mid ex- 






The enamel is'^he hardest production of the aninuil hody, 
eo hard that it "will strike with ste<^l. Its use is, therefore, 
evident, where the parts are subject to so much attridon and 
friction. 

It is 5sual to divide the teeth into three kinds, which, from 
their situation, tare termed by Bliimenbach front teeth, comer 
teeth, and back teeth. Thus, if we e^mmine -orte own nlouths, 
we shall find that each jaw conhiins four of the nrst kind, two 
of the second, and ten of the third, making in idl thirty-two, 
whicli is the full number in the adult human head. 

The front teeth we shall first examine. They were called 
by Linnffus itidsors^ from their use in cutting the food. In 
man, it will be observed that the incisoi-s of the upper jaw 
generally pass outside those of the lower jaw, so that they 
act like the blades of sidssoi-s. Wlien tlie reverse is the 
case, the person is said to he mderhmp^ and painters look 
on this as a defect. In #he horse, these teeth, which are 
termed nippers, do not cross, but meet ; consequently, in the ' 
grinding of the food by the hack teeth, these teeth are rubbing 
against one another, and are thus sulycct to very great wear. 
To enable them to resist this, they have an additional plaits of 
enamel running down the centre, and when the prolongation 
of the sac, wliicli was sent in to secrete this enamel, is taken 
away, a hole is necessarily left in the tooth, w hieli, being filled 
with particles of the aniinaPs food and other foreign matter, is 
usually of a dark colour. This is termed by jockeys the 
mark, and they judge of a horse’s age by it, as, of coui'se, when 
ihe tooth is ground down the mark ^lisappcars. In the ro<len- 
tia, or gnawing animals, such as the beaver, squirrel, of rat, 
these teetli, being required’ for cutting through very hard sub- 
stances, are shaped like a chisel, and by a beautiful airange- 
jnent, the enamel being placed in fronts and the bone behind, 
the latter, which is soft, wears away tastt*T than the first, so as 
to leave the tooth always with a sharp edge.^ In these animals, 
also the pulp is not destroyed, but remaining at the bottom, is 
consUmtly^ adding fresh matter, and pushing up fresh toc^ to 
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t^ippjy the above. The great size of these teeth is re- 
markable, although a small portion only of this length appears 
through the gum. They represent the segment of a circle ; 



Lower Jaw of a Squirrel, with a section mado to exhibit course of 
Incisor Teet^. 

and are contained in a canal of bone which, in the under jaw, 
runs beneath the roots of the back teeth almost to the very 
extremity of the jaw, so that, although their anterior cutting 
edge is in the front of the mouth, their posterior extremity is. 
behind all the teeth, ^ 

These teeth in man are always i)erpendicular in the lower 
jaw, while in other mammalia they are more or less oblique. 
This distinction does not hold in tlie upper jaw, as may be 
seen in negroes. 

In homed animals that chew the cud, such as the cow, 
there are no incisors in the upper jaw. The grass is gathered 
in by their tongue, and cut by eight shari> incisors placed in 
tlie lower jaw, and acting like a sickle. 

The corner teeth, called also canine, and eye teeth, are more 
particularly coniined to carnivorous animals, and in them are 
used for the purpose of seizing and tearing their prey. The 
fangs of the lion and tiger are good examples ; also the holders 
of the dog. These teeth are, of all others, most liable to 
varieties, particularly when they occur in graminivorous ani- 
mals, where they are not required for the above, which seems 
their more appropriate, use. Thus, in the eleph^t they 
assume the form of tusks, which are nothing more tluui canine 
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t«Mib«iioniu)iudy4ml^ changed in thw iise to otgaitt 

€£ detoce. We see the same in the wild hoar, where 
siae anrve f&r rooting tip the ground. In the walrus, these 
tnaks are of a very singular appearance, and Sir Charles Bell 
conjectures they may s^e as organs of locomotion, enabling 
the animal to drag up its unwieldy bulk on an iceberg. The 
long spear-like tusk of the narwlial belongs also to this division, 
thongh, for anatomical reasons, both it and the tusks of the 
elephant have been by some referred to the incisors. In the 
Skts babyrotfssa^ or stag hc^, the variety is still more remark- 
able; for the upper canine teeth here, in plat'e of growing 
down, grow upwards, penetrate the upper jaw-bone, and bend- 
ing back towards the eyes, form almost a compleU' circle. The 
reason for this seems not yet well ascertained. Pidey thought 
that tlie animal slept standing, and, in order to support ks 
head, hooked these tusks on the branches of trees. This is 
really so ingenious, that w’4» almost regret not to tiud it con- 
JRimed by ficts, ^Sir Kverard Home feupi)09es them to act as a 
defence of the eyes when the animal rushes thnmgh under- 
wood; but as otlier animals rush through underwood without 
having this defence, wc can hardly consider the point as yet 
decided. 



of JSut ba^jfroussa, showing upper canine teeth growing through the upper 
jaw, and curved backwards : lower canine teeth prtjeot alee, 

! ad oonetituto the tuakf. 
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Jkit^ier is man totally exempt from the kw of Tixkty 
impreoaed on this description of teeth, as we know from t^. 
example of William de la Marck, who, from the prommeaoe 
of his under jaw, and the undue developement of its caaiiie 
teeth, received the well-known soubriquet of “tlfe Boar of 
Ardennes.” • 

The teeth of hshes are not, in general, fitted for mastica- 
tion, but rather for seizing and detaining their prey. They, 
therefore, belong rather to this class. They have the peen- 
liarity of not being formed like other teeth within boi^ 
Xirooesses termed alveoli, but extomally, and rather in tlm 
manner of horn. In serpents, the under jaw is always pro- 
vided with a row of teeth sliarp and hooked. The upper >aw 
serves to distinguish between the poisonous and non-poisonooa 
species. In the former we find a moveable bone attached to it, 
from which depend the fangs. These are usually in a recum^ 
f*ent position towards the back olathe mouth, but when the 
animal is excited they are brought into a state of erection by 
the action of a muscle, which, at th<' same time, compreissiiig 
the poison-gland situated beneath it? forces its contents through 
the canal that communicates with the fangs. These fangs are 
themwlves hollow and perforated, so that they afford the 
poison a ready passage into the w'ound wdiich they inflict. The 
uon-poisonous serpents are never possessed of these fangs, but 
in their place have a double row of teeth in their upper jaw* 
It is fair, however, to state that Cuvier doubts whether some 
serpents without fangs may not be poisonous. But he adduces 
no direct example, and seems to speak of it rather as a matter 
raquiring further obseiwation. 

Tho back teeth, termed also molars or grinders, are the 
most important, as it is by their action that the food, adzed or 
divided by the front or comer teeth, is more immediately pre- 
pai’cd for digestion. They are, consequently, the most uni- 
versally present, and are found when the others ai’e totally 
wanting, as in the annodillo. The only exception to this is 
the narwhal or sca-unicom, whicli hasN no tooth of any kind 
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except the long spiral tusk before mentioned, and classed with 
the canine^ In camivoroiis animals^ the food, being already 
onimalized, requires less preliminary mastication to suit it for 
digestion. Their back teeth arc, therefore, nearly of the 
nature of the incisors, and do little more than divide the food. 
A scale of enamel over the erowm of the tooth is, therefore, 
sufficient for their defence. But in the graminivorous animals 
iho food requires lonq; mastication, in such as chew the cud 
even repeated, before it is fit for the action of the stomach. 
Their teeth, therefore, suffer immense rubbing, and were they 
merely covered by enamel this would soon be worn off, and 
the body of the tooth left unprotected. The arrangement 
here, therefore, is varied, and the tooth is composed of alternate 
perpendicular layers of enamel and bone, by which two ends 
are gained; the strength of the tooth is much increased, and 
the bone w^earing a little faster than the enamel always leaves 
a rough surface fit for the^ purpose of grinding. Mill-stones 
are selected exactly for this quality. They must consist of 
hard, gritty particles, imbedded in a softer and more friable 
substance: as this w’ears away fiister, the surface is alwaj^s 
rough. 

A lion or a tiger has killed its prey in the woods, and 
having sucked the blood, and devoured some of tlie richest 
muscular parts, it perhaj>s retires, leaving tlie remainder to be 
led on by the chacal, the wild dog, or the w<df. These lie 
gorged around it, and the vulture and the carrion crow have 
picked from the bones the last shreds of flesh that adhered to 
them, while myriads of flies hovering about deposi t their eggs 
where they know the young maggot, as soon as hatched, will 
find its appropriate nutriment. The lieat of the sun soon 
brings them forth, and they jnmetrate even into the remotest 
cayities of the brain and spine. One part of the animal, 
bowever, yet remains : the rich manow in the long bones of 
the legs. This is reserved for the hya;na, who, to enable it to 
get at this, is furnished with molar or jaw-teeth of immense 
wide at the base and conical. By means of these it 
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breaks with ease even the largest hones of the ox, tlie ihino-^ 
ceros, or the elephants and then, with its long taper tongue, 
licks out their contents. 

This brings us so directly to Professor Bucklan^s interr- 
ing dissertation on the hones found in the Kirkdale Cave, York- 
shire, that a view of his course of argument b&oroes necessa^. 
This cavern was discovered in the summer of 1821, by cutting 
back a quarry, and was visited by Professor Buckland in the De- 
cember of the same year. He first observed the means by which 
the mouth of the cavern had been closed, and found it to con- 
sist of beds of loam and clayey sand, mixed with rolled pebbles; 
in short, that description of matter which is termed dihiioial^ 
from the general, and, indeed, almost unavoidable, conclusion, 
that at the time of the Deluge this stratum, in the form of a 
thick mud, spread over the plains, covered the floors of the 
caveftis, and choked up the fissures of the rocks. A similar 
layer was at the bottom of the cavftn, and in it tlie bones of the 
elephant, rhinoceros, horse, ox, deer, hj^ienk, tiger, and other 
beasts of prey ; hares, rats, and mice, and even of some birds. 
Such animals could not ail have dwelt together in this cave; 
the question then is how their remains became collected. There 
were no rolled pebbles at the bottom of the cave, which would 
have been the case had the bones been brought together 
by the action of water. The bones were smooth, or rather 
flat, on one side, as it was found on laying them down that 
they only rested easily in one way. This Professor Buck- 
land referred to their being rubbed by the constant passage of 
animals over them. They were all broken, and the frdeturo 
was sharp and splintery. Some ox-hones were given to a 
liya?na which happened to be then exhibiting; they were 
readily broken by the animal, and on comparing them with 
the fragments found in the cavern, a striking similarity in the 
form of fracture was observed. Of the teeth of the hyaena 
great numbers were found, so that one man alone gathered 
more than three hundred of them. Some of these fitted 
exactly into gome of the notches formed in tlie bones 
gnawing. 
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Some round baHs wore found, tvliich, chemically exaEmined, 
yielded phosphate of lime. They were, therefore, animal 
matter. The ke^er of a menagerie, on being shown them, 
without {hesitation declared them to be the droppings of the 
striped hysena. Finally, Professor Buckland compared Uie 
circumstances ot this care with tlie dens of living hyomas, and 
with similar caverns discovered in Germany, and fomid a most 
exact correspondence. The conclusion then was, that this liad 
been, for a long series of years, the den of successive genera- 
tions of hysenas, and that by their means had been collected 
prodigious quantity of bones belonging to such very dis- 
aimilar animals. As hyanaa are well know'n to plunder grave- 
yards, and prey on the remains of the human subject, it is 
probable, from no human bones having been found in tliis, or 
indeed in any similar cavern, that these countries were not 
peopled at the remote period to which tJie revolutioil that 
closed up these caves muSt be refened. It is also probable 
that the climate' wiis widely different from what wc enjoy at 
present, to admit of the growth and losidence of some of tho 
animals we have mentioned. 

The grinding tooth of the elephant possesses, in addition to 
ivoiy and enamel, a third matter, termed crvMa petronoy which 
is placed outside and around the enamel, and seems to asrist in 
maintaining an irregularity of the surface. In fact we might 
almost consider tliis looth os made up of a number of smaller 
teeth united togeOm by their sides ; and a vertical section ^dll 
ahaw US the bone of each of these springing up, ns it were, 
ft common base, surrounded its own enamel, and then, 
outbide all, the ermta pftrosUy resembling a cement, holding all 
i^iese individual teeth together, and binding them into one* 

In tlie cut we may distinguish <?, the hollow iu wliich the 
jpalp was lodged, sending up its various prolongations which 
aerv^ to secrete c c c, the ivory or bony parts of the tooth, 
mtis&de w^hich we see h the enamel, deposited in ciystals 
parpendicular to the surface of the bone, and outside all a a 
the petresay holding all together, and filling up the inter- 
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Verticfti Section of Elephant's Toofii. 
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spaces. JBIake described two' parts oxtermd to tlie enamel, 
the internal of which, marked in ^ our figure by long lines 
coursing round the surfitce of the^enamel, he seemed to con- 
sider as the true crusta petrosa^ wdiile the external, or thtft 
which we have marked a, he denominated ^^adventitious 
matter.” When these two aie worn away by grinding the 
ibod, it is evident the enamel on the tops of the several denti- 
ouli, or lesser divisions of the tootli, will appear; and ilw 
difference of figure" which it pre- 
aents in tlie tooth of the Asiatic 
and African elepltant, has ihr- 
Bislied the grounds for deciding 
them to belong to different sj>ecies. 

In the former, the figure is edways 
oval, in the latter sometliing of a 
loaenge^shape, as may be seen in 
this cut, in which a represents 
the grinding surface of the tooth 
of an Asiatic, b, of an A&ican 
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elephant ; the white lines are the enamel^ and tlie dark, the 
adventitious matter^ or cnt^ petrosa* 

The true whales have no teeth. Instead of them they 
are provided with certain plates called whalebone, solid at the 
top, but opening out like a brush at the bottom. A number 
of these are placed across the palate in parallel rows, from the 
lips to the top of the throat. However singular it may appear, 
it is no less true, that whales feed on extremely minute 
animals, chiefly of the molluscous kind. These are known to 
exist in the greatest numbers in the northern seas, insomuch 
that Captain Franklin says the slightest thaw on an iceberg 
produced a number of little pools that seemed absolutely alive, 
so great were the swarms of animalcules. When the whale, 
then, wishes to feed, he opens his mouth, which is of enormous 
size, though we may not actually ^ so far as to believe Sib- 
bald’s report that a sloop in full sail, with all its equipage and 
complement of men, was s&en to enter the open throat of one 
that had been cast away on the shores of the great oi*ean. The 
next thing to be done, then, is to swallow the food ; but the 
immense quantity of water by w^hieh it is sun-ounded, w'ould 
be of no use, or rather would be a great inconvenience in the 
stomach. I'o get rid of this, then, he makes the motion of 
swallowing, at the same time stopping the true passage to the 
stomach. The water is thus passed through all these plates of 
whalebone, by which it is completely strained of its animal- 
cules, and anives at the back of the throat pure. But here 
the passage downwards is closed against it, so that it is forced 
upwards into two large membranous pouches, situated beneath 
the skin. Strong muscular fibres meet above these pouches, 
by the contraction of which they are pressed on, and the water 
thus finally expelled through the spiracles or blowing-holes 
with great force, rising at times to a height of thirty feet or 
upwards. Another use of these spiracles is, that being situated 
on the top of the animal’s head, and communicatuig directly 
with the windpipe, they enable it to breathe by jurt rising to 
the surfece, without the necessity of putting its mouth up out 
of the water. 
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The teeth are placed beyond the reach of the cironlsttioit. 
No blood-vesselM enter them; therefore, when once formed, 
they can never increase in siee. From this arises the necesrity, 
in man, for the second set of teeth, which are both larger and 
more numerous tliun the hrst, to suit themselves to the 
increased size of the jaw-bone. If the foetus be examined, in 
the second month of conception, we shall hnd the jaw-bone 
just commencing to be formed. In the fourth month the 
rudiments of twelve tooth, tliat is, the pulps fh>m which they 
are to be fonned, appear, supplied with blood-vessels and 
nerves. At birth the mouth sliows no marks of teeth, but, 
like the mouths of the lower orders of animals, is nothing 
more than a hUfking*orifit‘e. The rudiments, however, of two 
sets of toeth are at that moment contained in the jaws; for 
at'ter the pulps of wliich we have spoken have nearly formed 
the first set, they each send oft a little pulp like a bud, wMch 
seems to 8i)riiig from their sides, an^is destined for the forma- 
tion of tlie second set. The first set ari‘ teniifd the deciduous 
or inilk-teetli. They ai’e twenty in Clumber, and appear at 
very irregular intervals. The first to come up are the centre 
iiicihors of tlie low or-jaw% then in a short time after, perhaps, 
tho‘<e whicii oppose them in the upper. These may be usually 
looked for about the filth or sixth month, but sometimes 
ajjpear as early as the third. The other incisors then cut the 
jaw", then the most anterior of the jaw-teetii, and last of all the 
hinder jaw -teeth, which do not rise till the beginning of tlie 
third year. To these, in the adult set, are added three more 
jaw-teeth, for which, iu fact, there is no room at present, aa 
will be set n in this cnt. 


a 
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a Deciduous or Milk Teeth up ; b Permanent Teeth In preporstioa* 


In the ibctk and seYenth years the jaws have grown so 
much that they are too iaige for the teeth. Spaces are left 
between them» they get loose and 1>egln to fidl out. The per- 
jhanent ^th ^ring up in their place^ but it is not until 
eighteen or twenty, that, the jaw having acquired its iuli shoe, 
the hlndermo^ jaw-tooth, commonly called the wisdofxhtooihy 
has room to rise, and then the process of dentition is complete. 
As the teeth are destined to undergo a constant and considerable 
degree of pressure, they are provided with a sort of springin^s 
or elasticity at the bottom, w'hicli gives them a constant ten- 
dency to rise. The result of this is very evident when a tooUi 
is lost ; for then the one opposite it being no longer pressed on, 
except indirectly, is very apt to rise in the jaw, and so become 
loose and drop out in its turn. 

In animals, such as the beaver, in whom the tooth con- 
stantly grows from the bottom, it becomes so long as to he a 
positive inconvenience, ii the animal be restrained from gnaw- 
ing hard substances. In the elephant, the mode in which the 
tooth cuts the gum is from behind forward ; and os the front 
layers are worn down, fresh layers are added behind, and freali 
teeth formed. If this animal be confinod wholly to soft food, 
Hi© tooth in front is no longer worn down last enough ; and 
matter oontinuing to he added behind, tlie layers become 
crusted together in a most extraordinary maimer, as may be 
aeon in a tooth preserved in the Museum of the College of 
Surgeons. 

The jaws are joined together in each a manner as to allow 
motion suited to the teeth. Thus in carnivorous animals we 
have said the teeth were chiefiy used in cutting their food, 
and closed the one within the other, like tlie blades of scissors. 
The only motion necessary here, then, is a direct up-and-down 
motion, such as wouM be given by a hinge, and this conse- 
quently is all that they are allowed; the lower jaw being 
closely locked into a deep cavity of the upper. Li gmminivo- 
rouB animals, where tlie molar teeth have broad flat surfaces 
for grinding, this motion would no longer be aui&ciont. In 
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them, therefore, the jaws are united by surfaces playing freely 
over each other, and allowing an extensive motion from aide 
to side. They have also the fonner, or hinge-like moUoii, 
which is necessary to enable them to crop their food. But 
there is still a third kind of motion by which the lower jaw is 
thrust from beliind forward. It is observed Ih the rodentia, 
or gnawing animals, is necessary for the advantageous employ- 
ment of tlieir chisel-shaped front-teeth, and in fact is tliat 
motion by which the rat or the beaver so quickly gnau's 
through a piece of timber. The instinct that teaches animals 
to avail themselves of the peculiarities of their organization is 
well displayed in a j)assage from that most interesting little 
work, White’s Natwtal History of Selbome. 

“ There are three ci-eatures, the squirrel, the fteld-mouse, 
and the bird called the nut-hatch, w^hich live much on hazel- 
nuts, and yet they open them each in a different way. Tlie 
first, after rasping off the small end^ splits the shell into two 
with his long fore-teeth, os a man does wit^ his knife; the 
second nibbles a hole witli his teeth as^ regular as if drilled wdtli 
a wimble, and yet so small that one would wonder how tlie 
kernel can be extracted through it; while the last picks an 
irregular ragged hole with its bill. But as this artist has no 
paw's to hold the nut firm wliile he pierces it, like aii adroit 
workman, he fixes it as it were in a vice in some cleft of a tree^ 
or in some crevice, when, standing over it, he perforates the 
stubborn shell. We have often placed nuts in the chialc 
of a gate-post, where nut-hatches have been known to haunt, 
and have always found that these birds have readily penetrated 
them. While at work they make a rapping noise that may 
be heard at a considerable distance.” 

All the kinds of motion w'e have mentioned exist in the 
jaws of man. The hinge-like motion is used in biting our 
food; the lateral in die wing it. For the motion from behind 
forwards there does not appear any particular necessity, but, 
that wo have it, any one can convince himself, by movic^ his 
under jaw beyond bis upper. The different direetioB of the 
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teeth prevents Hs being at all appUeable to the same use as In 
the ro^enHa. From this variety of motion^ from the form of 
OUT teethe and structure of our digestive canal, physiologists 
have detemxined that man is not, like other animals, confined 
either to Hesh or grass, but is omnivorous, that is» capable of 
living on all hinds of food*. Were lie otherwise, hie faculty 
of supporting all varieties of temperature would be of no use. 
In the snowy fiegious of Tierra del Fuego, or the ice-bound 
coasts of the Northern Sea, no vegetables are to lie had for 
many months of the year. During this time, therefore, tho 
inhabitants use a wholly animal diet, and they appeal* as 
vigorous and healthy on it as those of tho temperate zone do 
on a mixed diet. In the torrid zone, on tlie contrary, where 
flocks and herds would languish beneath the heat of tlie tropi- 
cal sun, where scaixjely sufficient gross could often be found for 
their subsistence, and where their numbers would be con- 
stantly dimiuislied by ti^ attacks of beasts of prey, mankind 
no longer depend upon animal food, but find its place amply 
supplied by numerous and valuable vegetable productions. It 
is here the cocoa-nut and plantain flourisli ; the yam, Cassava, 
and other roots ; the rice and millet, while a thousand cooling 
and refreshing fruits invite by their flavour to that description 
of diet which is most suitable to these countries. 

During mastication, the food is constantly mixtMl w’ith the 
saliva, wdilcli is supplied by three glands on each side, called 
salivary. The first of these is placed before the eai*, or rather 
in the narrow space between the lower part of the eai* and the 
ascending brancli of the lower jaw-bone, which can be felt in 
tliis place. Fioin this situation, it is termed parotid\. A 
canal running from it opens into the mouth, neaily opposite 
the second jaw-tooth. Tho second of these glands is the 
maxillary y placed, os its name indicates, beneath the lower jaw. 

[* The stomach is not only capable of adapting itself to variety of food, hut 
that very variety is an CMcntiul to life. Tho handles of knives swallowed by 
Jugglers have been digested, the Jugglers continuing in health, while an ass fed 
solely upon rice dipd hi about fourteen days.] 

t From near, and ev; the ear. 
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The third is the sublingual, placed beneath the tongue, wid 
both those discharge their secretion on the floor of the mouth. 
This secretion is known under the name of saliva, or spittle, 
and its evident use is to moisten and form into a paste the food 
as it is chewed, which without this would only be reduced to 
a dry powder extremely diflicult to swallow. •The saliva is 
poured into tlie mouth most abundantly at the time of meals, 
when it is most wanted. The quantity afforded to one single 
meal is stated at about six ounces, but this of course must be 
a very rough guess, as it will be greatly altered by the more 
or less stimulating nature of the food, the quantity of moisture 
it contains, and other such circumstances. The influence of 
the mind over the salivary ghmds is well marked. The mouth 
waters when we see, or with some even when they read of, a 
sovoury disli, and that the same feeling extends to lower 
animals any one will admit, w'ho has seen a dog looking w ish- 
fully at a joint of meat roasting befoff the fire, with his head 
placed to one side, and a long clear ^ring of* saliva hanging 
from his lips. These glands are abundantly supplied with 
nerves, and an intimate connexion seems to exist between tbefr 
action and the action of certain glands in the stomach, of which 
we shall have occasion to speak afterw^ards. This' is evinced 
by a case mentioned by Doctor Copland, in which a maniac, 
attempting to commit suicide, missed the princi^ blood- 
vessels, but divided the oesophagus, or gullet. In the attempts 
to preserve his life, food w^as introduced into his stomach by a 
tube, to prevent the reopening of the wound which w^ould 
necessarily follow any attempt at the ordinary mode of swallow- 
ing. As soon as the food had reached the stomach, an abun- 
dant secretion took place from the salivary glands of the mouth, 
though of course there was no attempt at mastication. This 
is interesting, as showing the sympathy established between 
parts intended to assist in the same operation. 

The saliva is a clear viscid fluid, consisting in a great mea- 
sure of w'ater, containing a little albumen, from which it 
derives its viscidity, and some salts. In thfe natural state of 
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the tengne and organs of hsuste this stdinoss is not perceived^ 
bat after feTers, irhen the thiek black cnist, wliioh in them so 
often covers the tongue, has peeled off, and left the tongue, as 
it ^ere, almost raw, the extremities of the nerves of taste dis- 
tributed to the tongue become remarkably sensible, and then it 
is very commdn to hear patients complain of a salt taste in 
their mouths. This li<][uid serves not only to make into a 
paste the food when chewed, hut also to keep the organs of 
taste in tJiat state of moisture necessaiy for the proper execution 
of their functions*. We may, therefore, expect to find the 
glands from which it comes large and numerous in those 
animals whose food requires long and laborious chewing, and 
on the other hand diminished, or altogether absent, where the 
food is swallowed down os taken, or wdiere the tongue, hard 
and horny, must he totally deprived of all discrimination of 
tastes. And such is really the case : the niniinating animals 
ate well known to ho 'Inose whose food requiius the most 
continued mastication, and in them we find the whole mouth, 
jis it were, set round with these glands, and oven new ones 
added, which are not to be found in man. The caiu^orous 
jmimals, such as the lion and tiger, who greedily swallow their 
prey after a few hasty cuts with the teeth, are much woi-se 
provided in this respect; while many fishes who swallow their 
prey whole, and in whom, as we have said, the teeth are rather 
organs of prehension than of mastication, are tohilly devoid of 
anything tliat can properly be ciilled a salivary gland. 

The influence of situation is also to be obseiwed here. The 
camel has an apparatus found in no other animal, for moisten- 
ing the hack part of its throat, o and above the abundant 
supply of salivary glands which it possesses in common with 
other ruminantia. How’ beautifully suited to the wants of 
this ship of the desert I The ostrich, of all ]>irds, lias tlie 
most abundant salivary apparatus. “ They are collected,’^ 
says Cuvier, in a crescent-shaped mass, which runs along the 
edges of the tongue, and forms the greatest port of its bulk. 

C* Wlien the tongue is dry, as in fever, taste cannot be excited.] 



Tii^ir meMm ift pomed out from a crowd of oiifices pieread 
o& the inf€a*lor surface of this orgaa.” Now compare wit}^ 
these inhahitants ci ** the barrea and dry land/’ those of tfaenr 
own daas which are most directly opposed to Ihem in th^ 
habitations ; witli the camel compare the whale^ whiclf equally 
with Itself belongs to the great class Mammalia; with the 
ostrich compare the water-fowl, which can equally claim the 
name of a bird, and we shall find in these latter, the salivary 
glands, either quite obliterated or so reduced in size, as merely 
to mark the place which in other animals they would occupy. 

In serpents, it is one of these glands that is used for the secre- 
tion of poison, hut tlie expulsion of this poison is always deter- 
mined hy a voluntary act of the serpent, and connected with 
the erection of the fang ; and it is remarkable, that though so 
deadly when instilled into a wound, it is perfectly harmless 
when swallowed, as we learn from the experiments of Fontana. 

During mastication, then, the pantf of the mouth are in 
continual action. The tongue presses the food ^jnder the teeth, 
the side muscles prevent it collecting between them and tlic 
jaws, the lips close to prevent it falling out, and the salivary \ 
ducts bring a constant supply of liquid to moisten and soften 
it. When the food has undergone all this, it is then, but not 
till then, fit for deglutition or swallowing, Tliis is what wc 
have next to consider. 

Immediately behind the mouth is placed a funnel-shaped 
bag, p, termed phaiytuCy surrounded by muscles. The lowcj* 
end of this terminates in the gullet, or cesophagus, n, hiding 
directly to the stomach. In front of this gullet is placed, just 
at the root of the tongue, e, the opening of the windpipe, a, 
and the peculiar little lid, e, termed cpiplottis, w^hich shuts down 
wdien anything is to he swallowed, so as to prevent the least 
crumb or drop from getting in. In the Interval that separates, 
as it w^re, the mouth from the pharynx, hangs down a move- 
able arched curtain, wliich any one may see in himself by tlie 
assistance of a looking-glass. It is in the form of a double arch, 
from tlie centre of w^hiclx hangs the long moveable glandular 
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body, called &om its resorablance to a grape, ifwb. A 
little further back, wo can still perceive, by the aid of the 
looking-glass, another pair of arches joining these at the point 
from which the uvula springs, but separated iix>m them below. 



Cat showing Progrras of Food from Uouth to Stomach , opening of Wiodpipc; 
posterior Nostrllii, dto. 
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ahd in this intsirval are placed the tonsils, which are so often 
sti^lled in a cold, accompanied by a sore throat. These tonsUa 
are ^ands poming out a mucous secretion, and their use in ^is 
pl^e is to lubricate the food and assist it in its passage down* 
wards. Behind and above these arches the passages %7om the 
posterior nostrils open also into the pharynx at fhe point », and 
during the act of swallowing, these curtains, carried back by 
their muscles, are applied against these openings, so as to pre- 
vent any of the food getting into them. in the act of 
swallowing, a strong exertion be made, such as a burst of 
laughter, this barrier will be forced, and the food partly 
expelled through the nostrils. The same often occurs in the act 
of vomiting. The returning smoke through the nostrils is 
very common, and can be acquired by any one who thinks it 
worth his while to practise it. It is merely necessary to make 
tlie preliminary motions of sw^lowibgv^jtid when the smoke is 
got as fai‘ as the pharynx, then sudddmy to cease. The velum 
drops, and the smoke, by the slightest compression, is returned 
through the nostrils, the only paasapes now open to it. A 
^.iference to the £d)ove cut^v, will at once make this plain. 
Besides the openings we have already nimtion^, in this funnel- 
shaped bag, there sufii two more placed towards its side and 
upper part. Th^ are tlie tubes leading from the ears. We 
shall have occasion io mentio^ their uses when speaking of the 
organs to wliieh they load. At pr^ent^ we siiall only say, 
that inflammaUbns propaga^d along them^ explain to us why 
a slight deafneiK is VQ often combined with colds affecting the 
glands and lining membrane of the throat. The pharynx 
extends to about the middle or even the lower third of the 
neck, and here it tenninates in the gullet, just as a fiinnel 
might tcrinin|i|i^ iu a tube inserted into its narrowest end. 
The gullet is a mtiseular^^^mclrical tube jdaced behind the 
windpipe, and between ^it arid tlie back-bone. Li this situation, 
it runs along the neefej' and getting into the chest, begins to 
deviate slightly towards the left ; still, however, keeping close 
to the back-bone. It runs behind the lieari and lungs, and 
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penetrating n, the diaphragm or great musde that separates the 
dtest ^rom the b^y, it terminates by entering the stomachy q, 
dioM to its left upper extremity. It has two muscular coatSy 
by means of which the food is carried to tlie stomachy and it la 
Ibsed with a continuation of the same smooth cuticular mem* 
brane that we see on the inside of the mouth# This lining 
membrane suddenly changes its qualities and appearance as 
soon as it enters the stomach: but it is from its continuity 
with the general lining membrane of the intesttinal canal, that 
physicians judge of the state of the latter, by the appearances 
observed on the surface of the tongue. 

We are now called to observe the progress of deglutition. 
The morsel, when sufficiently chewed and mixed with saliva* 
is collected hy the assistance of the lips, cheeks and tongue, 
from all parts of the mouth. It is placed on the back of the 
tongue ; the jaws ar(;^osed ; the tongue, pressing against the 
palate, forces the moraSi backwards towards the pharynx ; at 
the same moment, the pharynx is drawn rather upward and 
forward • to meet it ; the 'windpipe is closed by the epiglottis, 
over the back of which the morsel must pass ; the constrictor 
muscles of the phorynx seize hold on it, and drive it into the 
oesophagus ; the circular muscles of the oesopliagus now come 
into play, and acting in succession from above downwards, they 
with great rapidity drive the morsel along the whole tube until 

* Tbifi motion is prinripaliy produced by the digastric or twf»-brlliod mnwle, 
to Which we before alluded, and which has the singular conformation of a flonhy 
belly at each end, and the tcudoii in the centre. 1 he object ot this obvious to 
any one Mho looks at the niuiiclp. The part on which It is chiefly to art, is tho 
top of the gullet, which is hero supported by a bone called U-shnpod (hyoid), 
because it assumes something of the form of this letter, sending its l«;am hes along 
. the sides of the passage, and having the windpipe attachi'd to Its roiindiHl extre- 
mity, which is in front. The digasfru: muscle anscs in tlie front from tho chin, 
and behind from a haid projection wetcli may be felt a little ]>of<terior to Uie car. 
Its branches descend something in fheshaiH'of a V, and just at their angle arc 
Implanted into the sides of the T^-shaped oone, having previously iiassod through 
S noose left for them between the fHircs of anotlicr uiuselc. Foi both these pur- 
posos, it woH necchsiiry the tendon should be in the middle, us tho fleshy belly 
idways grows thicker when a musole contracts, and, therefore, would constantly 
be aqaecized by tlie noose, or M'ould tear its hbres asunder ' it w-ould also be very 
clumsy to attempt attaching it to so small a hone. Doth Uiosc difficulties ore 
avoided by the present onangument. 
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it^is «af(riy lodged in the stomach. This will show that the 
food does not descend^ as is commonly supposed, by its own 
weight. Were this the case, how could a horse swallow^ 
whose head, in grasdng, is much lower tha^ his stomach? It 
also explains the feat performed at Sadler’s Wella^ by the 
tumbler, who, standing on his head, used to drink a glass of 
wine to the great astonishment of our fore&thei% who could 
not imagine how he got it to go up. We have seen, then, how 
the food is prepared for and carried to the stomach; our next 
inquiry must be into the nature of the changes it there 
undergoes. 
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Part 11. Of the Stomach, and what taken plaoe tkere. 
Of Hunger, Thirst, and Food. 


The stomach is an organ that varies much in size, form and 
structiu'c, according to the food of the animal. These varieties 
are always shored by the rest of the intestinal canal; and as 
they are in direct relation with the varieties of the teeth, we 
can from the latter, which w^e may call external, draw certmn 
conclusions respecting the former, which are internal, Now, 
as the whole animal frame is poweifuUy influenced by the 
nature of the digestive apparatus, without which, in fact, no 
animal body can exist, tlie w^onderful importance of the teeth, 
as on index to the wliole structure, becomes at once evident. 
As flesh, liaving been already port of an animal body, seems 
more ready to cuter into such a combination again, carnivorous 
animals liave a small simple stomach of little power or muscular 
force. The intestinal canal also is short, slender, and not much 
convoluted, or folded on itself. We need scarcely odd how 
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cniited this, to the light and agile forms n^cessaiy for beasts of 
prej. In graminivorous animals the reverse is case. 
Everything se^s here done to detain the food for as long a 
period ^ possiblei in order that time may he afforded for 
extracti]^ all the nutritious matter it may contain. And the 
nature of vegetable food, little prone to putrefaction, favours this 
design. The stomach increases in complexity, ascending through 
the non-ruminant up to the ruminant animals. In these latter, 
there are actually four stomachs, Uie internal surface of which 
is rendered as extensive as possible, by being thrown up into 
numerous folds and wrinkles. The intestines are long, and 
frequently twisted, so as to afford constant interruptions to the 
onward passage of the food. In consequence, their bulk is 
generally great, their bodies unwieldy, and their motions slow. 
Were such animals as the elephant or tlie ox to attempt living 
by the chase, the lessrr and more active animals would escape 
firom their grasp; tliey^uld soon die of hunger, or be driven 
to their natural' food, the fruits of the earth. 

The human stomach will be found, as it were, a medium 
between those opposite extremes. Some of its provisions appear 
suited to animal, some to vegetable food: and thus we have 
an additional proof that man is an omnivorous animal. It is 
capable, in its natmal state, of containing two or three pints 
of fluid, and resembles a bag stretched across the upper pait of 
the abdomen from left to right. Its left extremity is the 
largest, and close to this the (esophagus enters. 

In the subjoined cut we sec the form of the stomach when 
moderately distended, its situation at the upper part of the 
abdomen, the mode in which the cesophagus terminates in it, 
fonuing wbat is called its cardiac* orifice, and its own nar- 
rowing and termination in the duodenum, or first part of the 
intestine, which is its pyloric^ orifice. We may also observe 

* Catdiacy aext tlie hefkrt; from xotgdtoi^ the heart. 

f PyloriCy from a gate, and a guardian , from the old id(»a that 

thii orifice acted lihe a porter, to prevent the pnsKige of anything improper into 
the inteatln^ 
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the curvature, which bemg free, ia thrown forward 

when the stomach is full, and as a large artery nmB along 
its edge, any cutting instrument entering the abdomen at thia 
time, would be peculiarly dangerous, from the expwd situ- 



stomach in xitu. 


The heart, contained in its own sao, termed the pericardium. 

The aorta, or great artery of the body. 

The right lung. 

Tlie left lung. 

The stomach ; of which c is the cardiac, and the pyloric extremity. 

The duodenum, or first part of the intestine. 

The goU'-bludder, from which we see the duct through whioh the gall or 
bile is conveyed into the duodenum. 

The liver, which in its natural state would lie down, covering part at the 
stomach and duodenum, but is here represented as drawn up so as to 
show these parts and the gall-bladder which is on its posterior surface. 

The diaphragm, through which the oesophagus pettetrajbosjust at e to 
become the cardiac end of the stomach. 

Ends of the ribs whioh have been out through in removing the Utmt of 
the breast, so as to give a view of the parts within. 

The pancreas, or sweetbread. 

The trachea, or windpipe, which immediately after divides, s en ding a 
branch to each lung. 
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atibn of this resseL M. Larrey^ indead, ihentions hsviiig wm 
a ikddier, after dinner, receive, by aeddent, a wound with the 
point of a eword, which, to all appearance, was of lo little 
depth as^ot to excite any alarm. To his astonishment, how- 
ever, the man sunk with extreme rapidity, in spite of all 
attempts to rs3ly him ; and on opening him after death, the 
whole cavity of the abdomen was found filled with blood, dis- 
chai^ed from an opening in this vessel. When the stomach 
is empty, the great curvature hangs down, and the vessel is 
then quite out of the way of such an accident. The lesser 
curvature is above, running between the cardia and pylorus. 
The coats of the stomach may he reduced to three, whose 
office is distinct and well marked. ExtemaUy, it has a serous 
^^at ; that is, the general serous lining of the abdomen folds 
itself over the stomach, in like manner as it envelopes the 
liver, the intestines, all other <^ntained parts having a 
certain power of motion amongst themselves. And this, it 
will be remembered, was before stated, as the general use of 
serous membranes, to afford a smooth and lubricated surface, 
by which neighbouring organs should glide freely one over the 
other. This, then, is the first coat; but berides enveloping 
the stomach, it is continued on beyond its greater curvature, 
and hangs down like an apron over the intestines, dividing 
itself on its return to contain between its folds the arch of the 
colon, or great intestine. This extension of the serous cover- 
ing is termed the omefitum, or caul. It is generally loaded with 
fat, but in the intervals presents its true appearance of a thin 
transparent membrane. Every one is familiar witli the use 
made of it by butchers in adorning the front of their lamb, 
veal, and other young meatc:. A prolongation of this same 
coat towards the liver, is termed the lesser omentum. The 
second coat is the muscular, which is perhaps best seen by in- 
frating the stomach, drying it, cutting it open, and then hold- 
ing it between you and the light. In this way, muscular 
fibres may be seen running along its sides in great numbers, 
and a variety of direotions. It has been usual to class them 





n 


inta ihm orders, the first of whidh are longitndixial, or rm 
firom die cardia along the eldes apd curvatures to the pylorus; 
the second transverse, or cutting these at right angles ; while 
the third seem to wind round in an irregularly cylindrical 
manner, giving the stomach its peculiar vermkulaJ motion, 
while it dei>end8 for contraction in length andHjreadth on iho 
two former orders of fibres. The stomach, however, does not 
from all these receive a perfectly continuous investment ; it is 
rather a sort of surrounding network, in the intervals of which 
the other coats appear; and Doctor 
Knox and Sir David Brewster, having 
taken a part of a fresh stomach, ma- 
cerated it, placed it between two plates 
of glass, and in this position interposed 
it between them and the rays of a very 
bright sun, were enabled 4o perceive ^ 
arrangement of fibres around the intS- 
stices, of which tliis is a magnified re- 
presentiition. 

We see here the longitudinal fibres, the transverse cutting 
them, and the irregularly cylindrical taking oflF the comers of 
the intercepted space, so as to present in miniature, what 
occurs on a large scale in the camel’s stomach, where, as, we 
shall liave occasion to see afterwards, those very little inter- 
stices become enlarged into the receptacles, by means of which 
it retains the supply of water neccvssary for its thirsty pilgrim- 
age. The fibres are found in greatest number about the two 
orifices, particularly the lower or pyloric. The pylorus is 
nothing more than a fold of the internal coat projecting into 
the stomach itseltj or forming, as it were, a screen between it 
and the duodenum, jjerforated in the centre, and aurrounded 
by a strong band of circular muscular fibres. This internal 
coat is the last we have to consider. It is of greater size than 
any of the rest ; consequently, to accommodate itself to them, 
is folded up into a great number of wrinkles. It has been 
usual to describe it as furnished with a number of fine pro- 
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i up like tke pile of velvet, which were termed 

viiii, and thence the name of villous coot as applied to this. 
Mo^ accforate observation, however, has-, not proved the exist* 
ence of these villi, at least in the stomach ; we shall, therefore, 
use the {Ssrm mucous coat, which the secretion that constantly 
bedews it, renders sufficiently appropriate. 

These several coats are, of course, connected by layers of 
cellular membrane, which some have, therefore, described as 
separate coats. That connoting the muscular with «tho in* 
tenud or mucous, has more particularly been designated as the 
nervous coat. The term, however, is calculated to lead to a 
ftdse notion, nor is there anything so distinctive in this layer 
as to require a peculiar name. It is the seat of a great number 
of little glands, which pour their secretions into tlie stomach 
during the work of digestion. The branches of nerves and 
blood'-vessels, with x^iich the stomach is supplied in great 
abundance, interweave ‘taemselves also in this situation, so as 
to make an inextricable net- work. Tlieir iinal termination is in 
the inner coat of the stomach, which thus is vascular and ner- 
vous in h very high degree. It is from the extremity of the 
minutest arteries that the giistric juice, so necessary in the 
work of digestion, is supposed to be poured. Some, indeed, 
imagine a peculiar set of glands for its secretion, but without 
sufficient support from anatomy. 

Very different accounts have been given respecting the 
nature and appearance of this secretion, which may in some 
measure be accounted for by the difficulty of procuring it pure 
and unmixed wdth the mucous, salivary, and other secretions, 
generally existing along with it in the stomach. Its qualities 
also would appear, from tlit experiments of Spallanzani, and 
some later by Magendie, i;o be altered by the nature of the 
food which it is required to digest. Tlius tlie former never 
fimnd it in the least acid in birds of pi^y, serpents, frogs, or 
fiidies. Crowds gave an acidulous gastric juice only when fed 
mi gxain ; nud the same was the case in dogs, herbivorous 
md domestic fowl. Carnivorous birds threw up 
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pieces of shell and coral without alteratum, whioh, fyam their 
chemical composition, any acid would certainly have acted ou ; 
and Spallanzani himeelf, having swallowed hertaiii calcsreotie 
substances in tubes perforated to admit the action of this juice, 
found their weight and size remain unaltered as l8ng as he 
used a purely animal diet ; but when he fod oif vegetables and 
Iruit, a slight diminution was observable, as if they had been 
immersed in weak vinegar. The solvent power of the gastric 
juice, then, is its first and most chisraeteriatic property. This 
power is so great in the dog, as to enable its stomach to digest 
bones, extracting the animal and nutritive parts, and laanriiag 
the earthy residuum, from which tlie fa>eGs acquire the well* 
known white and clayey appearance that, from the older 
chemists, gained them the absurd name of ailtun //rxecum. 

An apparently opposite power, yet equally well marked, is 
that of coagulation. This jK>wcr has Jj^eu well known for a 
great period of time, since the infusion of the otomacli of the 
calf has been in all ages used to coagulate tnilk. For <'bia 
purpose it is simply washed and dried, in which state it is 
found to preserve this quality. Dr. Fordyce states that six oT 
seven grains of the inner coal of a calf^s stomach thus treated, 
when infused in water, yielded a liquor tliat coagulated more 
than a hundred ounces of milk ; that is to say, more thou six 
thousand times its own weight. Dr, Y oung relates, also, that 
having washed in water, and afterwards in a dilute alkaline 
solution, a similar part, he still found it capable of coegulatiiig 
milk to a very considerable degree. It is evident how much 
we are dependent on this power during in&ncy, when the 
whole food taken being fluid, it should be absorbed all together, 
as swallowed, though much of it may l)e useless for nutrition, 
did not this power act, and tlirowing down in a solid form 
what is truly useful, afford that in a separate state to be acted 
on by the digestive iunotions. A third quality of this gastric 
juice, and the last we shall at present notice, is its anti- 
putrescent power. Dr, Fordyce found that the most putrid 
meat, after remaining a short time in the stomach of a dog, 
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tieune p&tfecOy snict. The jtdces of nuaggots, and acaipAab 
whp live 0 ^ ^eat in the last state of decay, are perfectly free 
from apy putrid taint : and Spallanzani ascertained that the 
gaetiic jjuce of the d<^ will preserve veal or mutton perfectly 
freslv and without lo* of weight, fbr thirty-seven days, at a 
tinie of 3^ear u^en the same meats,, immersed in water, yielded 
aaa tmpleasant smell on the seventh day, and by the t^rtieth 
were in a state of the mpsi^hensive putridity. This peculiar 
antiseptic property suggesteA the idea of applying it to wotinds 
of a {MDeuliarly bad and gangrenous dispontion. The expexi-^ 
jpaent was made by Juiine and Canninati, the latter of whom 
also used A internally, and, it would appear, with some suc- 
cess* From the close similarity of saliva, and the much greater 
facility with which it can be procured, M. Richcrand was 
tempted to use that as a l^ubstitute. He had under his care a 
person with an obstiiUf^ sore on the inner ankle of his left leg. 
Hiotwithstandi^ the external application of powdered bark, 
and of compres^s soaked in the most detcigeiit fluids, the sore 
was improving very slow'ly, when he Ix’thought himself of 
moistening it every morning with his saliva. From that time 
the patient evidently mended, and his W'ound, conti’acting 
daily, at last became completely healed. 

We are now prepared to understand what takes place in the 
stomach on the arrival of the food there. During the progress 
of the meal, the stomach appears nearly passive, yielding to 
the food, which, by its bulk, distends it. Wlien, however, 
the process is complete, it begins to react. At first, a few 
fllight and irregular contractions of the muscular hbres take 
place ; these, by degrees, increase in strength and regularity, 
until at lost a well-marked vermicular motion is established, 
contracting the stomach in all directions, and moving its con- 
tents from the greater towards the lesser extremity. The 
gaetiic juice, the mucous, and other flifrds, are in the mean 
Hfhile pour^ out plentifully into the cavity, and if the food 
he in a short time examined, it will be found that a thin layer 
of it all sound, where it is in contact with the coats of the 
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ttotnacl^ has become softened and mixed liiiith the fhiidA^ 
is the first step towards disge^on, and this is an Order ¥dilch 
is always accninately dbsenred. At whateiver period we mate 
the exomination, the change wiU be finind ^^rei^st the ted 
in contact with the stomach, and dimildshing jexactl^ in potK 
portion as we recede firom this. Wh^ the external layer 
ihns perfectly saturated, it is moved on }if the^uscuW eon- 
tractioiiis of the stomach towards^te pylorus, while the next 
layer is presented to undf^o the Oame process. If, before the 
digestion of a meal be complete, fresh food be inteite^d. It is 
id ways found placed perfectly distinct from thorM^nsuf tte 
former. -^Thus Dr. Wilson Philip informs us, that in the 
stomachs of more than a hundred and thirty rabbits which he 
examined, and which had been killed at various stages of digee> 
tion, the old food was never mixed with the new, but invari- 
ably lay next the coats of the stuma^ji^Ajontaining the nCfW in 
its centre, as if it were necessary that the ftteier should be 
fully digested before the latter was commence3 on. 

From the food being constantly moved on, we qjhCuld, of 
course, expect to find that which was best digested in the 
nity of tlie pylorus, and such is the ease. And here it 6eCl!il|P 
more fully imbued w^ith fluids, and more completely deprived 
of all distinguishing character, still, however, accurately ob- 
serving the rule, that the part near the circumference is more 
digested than that near the centre. In a liealthy state, and 
when the food is such as to agi-ee, this process goes on without 
the production of any air or gas. But when the stomach is 
weak and disordered, flatulence, sourness, and eructations, all 
attest the fiiihire of its pow'cra. Rest is well known to be 
favourable to this process, though it by no means foUows that 
a moderate degree of exertion interferes in persons of good 
health and vigour. Sir Busick Harw ood took two pointers, aa 
nearly as possible of equal strength. Having given them both 
a full meal, he left one at rest, and took the other out to beat 
the fields. At the end of tw^o hours he had them both killed, 
and found, in the dog that had remained at home, all the food 
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tliTough tlie first stage of digestion, as we 
^Ve de8o^)ed, while in the stoinacli of the other dog the food 
Remained almost as taken. 

all which, we may sec the wisdom of the old proverb, 
AfbSr dinner sit awhile.” 

llurkig digestion, both apertures of the stomac^h are closed ; 
the vital powers seem to leave the surface of the body and 
concentrate themselves on the important work that is going on ; 
tb^re is, therefore, a slight enill on t]^e surface, and after dinner 
every one naturally draws round the fire. The length of time 
required to jielear the stomach after a meal is, of course, ex- 
tremely vafious, being influenced by the nature o£^ the food, 
the state of health, the quantity of mastication employed, and 
many other circumstances. However, as an average, we may 
say th4t a substantial meal is disposed of, by a healthy per- 
son, in four or five l^nrs. This is a point to which persons 
troubled with Indigestion should particularly attend, as it is 
clearly of impoHance that the stomach should be allowed to 
clear itself of one meal before it is railed on to renew its func- 
& 11 B by the presence of fiesh food. We also see the imjwr- 
to such persons, of using food tliat the stomach can 
mspose of nearly in the same time, as otherwise one ingredient 
of a meal might he quite digested and fit to be paised on when 
another was only beginning to be acted on by the gastric juice. 
Thus the stomach is distracted in its operations having one 
part of its contents to pass on, and another to retain for fur- 
ther maceration. This is of so much importance, that Dr. 
Abercrombie declares he would almost disregard tlie quality of 
a dyspeptic patient^s food, provided it be of the same kind, 
and not of too great a quaiititj . 

The matter into which the food is changed by this first 
process, is a gray, uniform, pulpy mass, of a faintish and 
slightly acidulous taste. NotwithstanAing the powerfully 
solvent qualities of this fluid, it is well known to have no 
effect on living bodies. Thus^ certain worms live and thrive 
with impunity in our stomachs, and in spring time we find 
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the whole internal enrface of the stomach of the ho^ lo^Ued 
with the young of H certain kind of insects^ tenned ^y jo<jQeyi 
“ botts,” which find this situation most saitM for their grow^ 
and hold to the internal membrane bymeaUs of two sharp 
hooks^ with which they are furnished, until, halfing got 
through their first or larva stage here, they let«go their hold^ 
and following the course of the alimentary passage, are Brought 
into light towards the end of May or June, juSt as they are 
about t(t undergo their transfonai|^ion into a chiysalis. This 
peculiar property of living matter also serves to prctljiect 
the coats of tlie stomach itself from being acted on by thfg 
very powerful agent. When the property of whisih we speak 
no longer interferes, when life is suddenly withdrawn, and, 
at the same time, a quantity of this fluid happens to be just 
poured out, corrosion does take place, and, under such circum- 
stances, John Hunter first observed thQ singular fact of the 
stomach being dissolved in its own 'jtilces. Jhat tliis is not 
the result of disease, lie concluded, from its ijpcurring to him 
first in a person who had been siiddenh killed by a blow of a 
poker, just after liaving eaten a very hbarty inejl. iTpon open- 
ing him lie found tlie food partially digested: but the stomach 
also was dissolved at its great end, and a great part of its con*» 
tents had escaped ihrough the hole thus formed, and lay loose 
in the gcucr«xl cavit} of the abdomen. 

In pursuing the inquiry, he examined the stomachs of a 
great number of fishes, who may all be said to die violent 
deaths, and all up to the moment in perfect health, while from 
their rajtacious disposition their stomachs are commonly full. 
In these animals we sec the progress of digestion most dis- 
tinctly ; for, their teeth being, as we have said, organs of pre- 
hension, not of mastication, they generally swallow their prey 
whole. This prey is often another fisli, larger than their 
stomach can contain^ and in such cases the part of it which is 
in the stomach is softeued and digested, while the rest, which 
remains in the oesophagus, is perfectly sound and untouched. 
In many of these he found that this digesting port of th^ 
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itomach ynA reduced to the saiuo diittolred stale m tbu 
digested parts of the food.” The drcumstaoee has sines bssu 
fi6q[ueutly obsenrsd, and it is fotu^d most constantly to occur 
in persons who have been hilled suddenly^ while in good 
liadthy parUcokrly if it should be soou after a xneaL 
The h^it of ^oi^i^dng criminals (if they are indined for it) a 
full meal just before execution* 1ms afficMrded many opportuni* 
ties of repeating and verifying this observation* Di^tor Wilson 
Philip, in his extensive and valuable experiments on onimalH, 
Ima not neglected to notice this fact. He says, This 1 have 
often observed in rabbits, when they have been killed imme- 
diately after eating, and allowed to lie undisturbed for some 
time. On opening the abdomen, w'o have foiuid the great end 
of the stomach soft, eaten through, sometimes altogether con- 
sumed, the food being only covered by the peritoneum, or 
lying quite bare for an inch and a half in diameter, and part 
of the contiguous *m^^‘*jies, in the last cose, also consumed, 
while the cabbi^e which the animal liad just tiik(‘n lay in tlia 
oentre of the stomach untouched, except on its surface.” The 
reason of all this is now sufficiently obvious. The food taken 
just before death is the natural stimulus to the secretion of the 
gastric fluid. This is poured out in great quantity, and 
^edily saturates the superficial layer of food \\ ith which it is 
in contact. In the natural state of things, the in us(^ula^ action 
of the stomach would have moved on this layer, and presented 
another for the action of the digebtivo juices : but death has 
put on end to motion, and the gastric fluid, finding no fresh 
matter presented to it, turns its action against the coats of the 
stomach, no longer possessed of that vitality which enabled 
them to resist its influence. Under these circumsUnccs, they 
are corroded ; an irregular jagged hole is left, and the con- 
tents escape through it. 

That tJie motion of the stomach is in one uniform direction, 
is concluded from tiic appearances in the stomachs of onimala 
covered with hair. In the calf^ fur instance, which licks its 
skin with its tongue, and then swallows the hoii’s thus de- 
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iMiUs ol baiTs Are eonstsatly found in the caVity of the 
etemaeh* On examining theae^ the hairs are found to lie ill 
one nnilbrm direction ; those of each* hemisphere Beeming to 
arise from one common omitre^ round which they assume a 
circular arrangement, corresponding to what would Appett^ 
be the axis of motion. This regularity could not he produced 
if there was not a regular motion in the stomach. A remark* 
able opportunity of observing « the motions of the human 
stomach occurred to M. Richenmd^ in the wards of tiio 
Hopital de la Charite at Paris. The patient, who was a female, 
had, several years before, by a fell against the threi^old'of a 
door, severely bruised the tpigasWic region. This is the upper 
part of the abdomen, immediately below the hreast-bone, and 
answers to what we generally term the pit of the stomach* 
The part remained painful and discoloured for a long time^ 
until one day, during a violent fit of vomiting, it burst, and 
some of the contents of the stomach vv^ere through 

the rupture. The opening was at first very sQial], and would 
only suffer fluids to pass, but it gradually enlarged, so that 
when she aime into the hospital it \^as on inch and half in 
length, by on inch in breadth, and the solid food came away 
through it fi'ccly. Tliree or four hours after a meal, an irre* 
sistible desire obliged her to take off the lint and compresses 
by which the fistulous opening was covered, and to give vent 
to the food which her stomach might happen to contain. It 
came out rapidly, and there escaped at the same time a certain 
quantity of gases.” She was unable to sleep until she had 
emptied her stoniacli, which she cleansed by swallowing a pint 
of infusion of camomile, lii the moniing, the stomach ap* 
peared of a vermilion colour, its surface uTinkled with folds^ 
covered with mucus, and containing a small quantity of a ropy, 
frothy fluid, like saliva. The vcnuicular motion in this case 
was observed to have two directions ; the one natural, to>vards 
the pylorus ; and the other, which we may suppose peculiar 
to the circumstances of the disease, towards the fistulous open- 
ing. The poor woman lingered for some time in an emaciated 





condition, supported only the small quantity of food which 
passed on to the pylorus. For though the abmbents of the 
stomaeh might take up a certain portion of the food there, 
and convey it for the support of the body, yet it must needs 
havfe beSn but very imperfect nutriment, not having as yet 
undergone th^action of the bile, the uses of which in digestion 
we shall have to mention afterwards. Yet, even ih this poor 
woman’s <»8e, suffering under this melancholy accident, was 
e:jtemplified a most beautiful and careful provision fbr'the pre- 
servation of life. To understand this, it is necessary to remark, 
that in its natural state the stomach is attached merely at its 
extremities ; in other respects it is a loose floating bag in the 
cavity of the abdomen. Now, if in this state an opening were 
made into it, its contents would be poured into this cavity, 
their presence there would excite violent inflammation, and 
death would folloy course of a few hours. Why did 

not all this tdke placem the case of this poor woman ? Be- 
cause here nature (so to speak) had warning. The constitution 
found that an injury had been inflicted too great for it to re- 
pair, It was necessary that the part injured should die and be 
cut off. To avoid this was impossible ; the next thing, there- 
fore, was to guard against its being the cause of further damage. 
For this purpose the external, or serom, coat of tho stomach 
winch had shared in the injury became inflamed. The%aturo 
of serous membranes when inflamed, is to throw out a tliick 
glutinous matter, termed coagulable lymph. By means of this 
the stomach became adherent to the front of the abdomen, 
which we know is lined by a similar membrane : this, of 
course, having equally suffered, had equally assisted in the 
process. The stomach now, tiien, was no longer loose but at- 
tached ; and when the injured part had sloughed away, yield- 
ing to the force of the eftbrt in vomiting, a direct opening was 
left between the stomach and the external air, the parts arounfl 
it were founli to have grown together, and no further injuiy 
arose from the discharge of its contents, than that consequent 
on their too Iqieedy deptoture from the system. 
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[There is onlj oqe case on record of perfect recovery follow- 
ing an external wound the stomachy the opening remaining 
unclosed. Alexis St, Martin, a young Canadian of French 
descent, while engaged in the service of the Canadian Fur 
Company, in 1822, was accidentally wounded in th» side t>y 
the discharge of a musket. Dr. Beaumont, to jrhom we owe 
all the &ct8 connected with the case, saw the man half an hour 
after the accident. He found all the coats of the stomach tom 
through ; and the food, which had been taken for breakfast, 
pouring out through an orifice large enough to admit the fore- 
finger. So complete was the recovery that, in the course of a 
few months, a natural valve had formed, which entirely pre- 
vented any efflux from within, but admitted of being easily 
pushed back by the linger from without. Here then, for the 
first time, were all the processes of healthy digestion unveiled; 
and Dr. Beaumont spent 700/., during eleven years of observa- 
tion, in supporting and experimenting ‘upon Martin. He 

found that the gastric juice does not continue to be secreted 
during the intervals of digestion ; not accumulating, as had 
been previously supposed, to be ready for acting upon the 
next meal : that the quantity of the gastric juice is always in 
proportion to the quantity of aliment naturally required by the 
system ; and that if an excess of food be taken there will be a 
deficiency of gastric secretion to digest it : that exciting ^d 
depressing passions produce a visible alteration in the villous 
coat of the stomach — that tissue now becoming red and dry, 
and, at another time, pale and moist : that bodily exeesses ore 
followed by parallel effects ; that in fever no gastric juice is 
secreted, &c. &c. Of a number of inferences drawn by Dr. 
Copland from these and other experiments, the following are 
of most general interest : — 1. That the gastric juice is a clear 
transparent fluid, without odour, a little salt, and perceptibly 
acid. 2. That this juice is secreted by distinct vessels. 3. That 
it is never found free in the stomach, but is always excited to 
discharge itself by food or other irritants. 4. That it is modi- 
fied in quantity, and, probably in its intimate nature^ by the 



lywtitj and satoe of the food. 5. solid Ibod » eisiar 
of ^^gestion than fluid ; animal than vegetable ; &rinaoe(ma 
then other kinds of vegetable food. 6. Ti^t thecontkmednse 
of opiiits o^KX^ causes oiganio disease of the stomach ; nd^ 
lastly, that the quantity of fl>od generally taken is more than 
the wants of system require.] 

We have used the term ‘^nature” above in compliaiioe 
with common custom, but all our readers must have £di how 
utterly inexpressive is such a^tenxu What is nature, or what 
Sa the constitution, but the result of general laws, prenirdained 
by a Being, wiso as he is beneficent, who, in the midst of jndg^ 
ment, remembers mercy, whose tender care is over all his 
W»Mks? Who but He could provide not only for tlie main^ 
tenance of the body in health, but for its reparation in disease ? 
And how beautifully is the law suited to the arrangement ! 
Serous membranes when inflamed adhere ; mucous membranes 
when inflamed ulcera^. Now, had the serous membrane been 
made intemal, pnd the mucous external, of the coats of the 
stomach ; or had the serous been placed in the centre, and sur- 
rounded by the muscular fibres ; or had it not found another 
serous membrane opposite it lining the abdomen ; in short, had 
gay arrangement but the present subsisted, the law would have 
been useless, and deatli would have been inevitable. The ex- 
quipto pleasure with which on humble eidmirer of the ways of 
Providence contemplates a provision so wise, so simply beauti- 
ful, so full of tender foresight, is worth years of philoaophig 
scepticism and heartless unbelief. 

When the motion of which we have been speaking is in- 
rorted, vomiting results. In this case, the muscular fibres 
contract from the pylorus towards tiic oesophagus, so that the 
£>od, in place of being moved oi? through the former, is re- 
turned by the latter. It would appear, however, that the mus- 
cular fibres of the stomach are not of themselves sufficient to 
overcome the resistance offered by the circular fibres which 
diose the oesophagus, but require to be assisted by the dia- 
phragm, (x^eseated in our cut, letter i,) and the extexsal 



SkQseles of the abdexnen. ThaJb in nrdinsry Tmitragy endi 
nasifltfince is.affbrded^ every one’s Tecidkction of 3ib own expe- 
xienoe on sn^ occasions, may afford sufficient proof ; or 
demoDStmtion of the vudent action of the abdominal muBcks 
SQsay be had by noticing a dog or cat when sick. Bubnot con* 
tented wdth this, some physiologists hare resorted to the crod 
experiment of cutting away these muscles, and then giring the 
mimid an emetic, and observing its fruitless efforts, under such 
circumstances, to discharge ita^stomach, an effect that was 
immediately produced when they substituted pressure with 
their hand for the action of the parts removed. Some haire 
advanced that the stomach is quite passive in vomiting, 
that the act wholly depends on the pressure exercised by those 
other parts. But this doctrine goes too far, though M* Magen> 
die endeavoured to prove it by the singular experiment of 
removing the stomach from a large dog, substituting for it a 
bladder, which he attached to the oesopliagus, and then havang 
excited vomiting by the injection of tartar emetjc into the veins;, 
he showed that the abdominal muscles and diaphragm were able 
to dischaige the contents of the bladcfcr as if it had been a real 
stomach. But the experiment was evidently fallacious. The 
stomach is, by its vital power, capable of resisting the effects of 
such pressure, otherwise it would be discharged every time we 
made a strong effort and held in our breath, or every time ifciat 
a sailor lend liimself across a yard-arm. But there are certain 
muscular fibres which, embracing like a running-string the 
termination of the cesophagus, close it under ordinary cimisi-' 
stances, and prevent the backward passage of anything threi^h 
it. These fibres were evidently cut away in M. MAge&dk}'B 
experiment, therefore the peculiar action of the stomach, neesa* 
sary to overcome their resistance, was not required, so that ha 
only proved, what every one will allow, that if you squeeae a 
bladder, into the neck of which you have inserted on open 
tube, its contents will be discharged through this tube. But 
this is evidently not the situation of the human stomadu 
had occasion to notice, in speaking of swallowiiig, the 
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means by which the food was prevented getting into the wind- 
pipe or ^ back of the nostril^ where they open into the 
pharynx. It is evident these provisions only answer for the 
downward progress of the food ; on its return they are of no 
manner wf use. The most important danger, therefore, that of 
the matters vopiited getting into the windpipe, is guarded against 
by persons always making a very full inspiration previous to 
the act of vomiting, and coughing immediately afterwards, so 
as to dislodge any irritating substance that may be lodged about 
the upper part of the throat. The full inspiration is also 
of use in pushing down the diaphragm, (see plate,) which is 
thus made to press more forcibly on the stomach. The other 
circumstance is not of so much consequence, and no provision 
seems made against it, so that we often see part of the iluids 
ejected pass through the nose. The causes of vomiting, Dr. 
Bostock reduces to three classes : 1. Irritating matters acting 
directly on the stomach itself ; 2. Irritations applied to other 
parts with whicli the stomach sjanputhizes ; and, 3. Mental 
impressions, the effect of wliich depends, in a great measure, 
on association, and affords one of the most frequent illustrations 
of the influence of mind on body. Under the first of these 
heads, ^1 emetics, undigested food, and such like matters, will 
come. The second is more curious, and affords many exempli- 
hcations of what we term sympathy. Thus, wounds on the 
head generally produce sickness of stomacli. Dr. Wollaston 
refem sea-sicknesa to au accumulation of blood on the brain, 
caused by the descending motion of the vessel ; and M. Saus- 
nuie^ in his Voyages dans Us Alpes^ reports tliat many of his 
oong^ponions were seized with nausea and vomiting as soon os 
they bod reached a certain height ; where, from the increased 
rarity of the atmosphere, it has been supposed that tlie circu- 
lation of the brain must also have been affected. [Sea-sickness 
has not been satisfactorily referred to any one cause ; and, al- 
though various hypotheses have been advanced, the evidence of 
fiiets flt^l remains of a negative character. It does not depend 
iipoh confused iinpressions conveyed to the brain through 
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the medium of the eye, because the blind are mek at sea ; nor 
upon the continual motion of the contents of the stomachy ibr 
neither abstinence nor repletion arail ; nor upon fear^ for 
Nelson was confined to his berth for several days by this affec- 
tion, and Sir John Franklin was neyer able to take the com*- 
mand of his ship until he had passed the Bay af Biscay ; nor 
upon an accumulation of blood upon the brain, as in Wollas- 
ton^s theory, because the recumbent position is a source of 
relief. And, as regards the external cause, the descending 
motion of the vessel cannot be assigned as it, for old seamen 
who were not sick in their ship have been known to suffer 
after rowing in a small boat for several hours ; and the writer 
has observed that the motion that accompanied a head sweil 
vdthmU wind affects the stomach sooner than any other; he 
has seen nearly all the crew refuse food after a continuance of 
this motion, and has himself suffered after having been ^uite 
well during a previous fortnight of had weather. To undei^ 
stand this motion, the centre of gravity of the ship may be 
supposed to be continually describing a figure of eight side- 
ways, without progression, thus, «. A more accurate ob- 
servation of the relations between the nature of the motion 
and its proportional effect upon the stomach might lead, per- 
haps, to more positive results^ The third class, including all 
cases of sickness arising from disgust, unpleasant recoUectioits, 
terror, and oilier such causes, is also of es:treme interest, but 
would require a chapter, rather than a paragraph, did our 
limits allow of it. 

There is another species of inverted motion to which we 
must now proceed, and which leads us to some very euiious 
provisions in the animal oeconomy. This is Rumination. 
Some men have been known to possess the power of biinging 
up their food after it hod been swallowed, and submitting it a 
second time to the process of chewing. In a case of this kind, 
mentioned by Sir Ev^rd Home, the individual swallowed his 
food voraciously, and without chewing. About a quarter of 
an hour after the meal was terminated, he used to bring up a 



ZDixtsel horn tlie ston^ach by a ^gbt effort. Tbia was chewed 
aod swallowed, and after a little interval, another was brought 
up, and underwent the same process. Blumenbach meniiona 
that he knew four possessed of this power. They all 
assured him that they had a real enjoyment in doing it ; and 
in two of thenw it was perfectly voluntary, so that they could 
abstain ftom doing it at pleasure. Rumination, however, is 
much more perfect in some other i^nimals, and the apparatus 
of stomachs prepared for its performance is both singular and 
beautiful. The Anal cause wfiy certain animale ruminate 
seems not yet fully ascertained. Aristotle, ingenious even in 
his mistakes, having observed that the ruminants best known 
to him, such as the deer, the cow, the goat, were provided 
with horns, but wanted the incisor teeth of the upper jaw, 
suggested that the materials of the latter were employed in 
forming the former, and the want of the organs thus defective 
was supplied by such an apparatus of stomadis as should send 
the food up for second mastication. But w'e cannot admit tliis 
mode of reasoning, as it is evident such a provision would 
rather remedy a deficiency of grinder than of incisor teeth. 
Further observation also lias shown his facts not to be so uni^ 
Yersal as he had supposed. The llama has two incisor toetii 
in its upper jaw, yet has all the apparatus for rumination, 
while the elephant, which has none, manages to digest without 
IhM process. Sir Everard Home took much pains to show 
that, during digestion, the stomach of man, and generally of 
carnivorous animals, divided itself by a contraction of the 
muscles into two cavities ; the one, towards the left ude, or 
.the entrance of the gullet ; the other towards Uie right, or the 
passage into the intestines*. This he termed the kour~fflass 

* How ttx this opinion is co/roct seems yet rather undotormined. It was 
advanoed before Sir E. Home's time, by Haller and Cowper : it is admitted hy 
Medieel» and defended by Bostock. But at the time Sir H. Borne stated it, It waa 
altookftd by Pr> Macartn^, in that most excellent artidlo Mahmalia, Rees’a 
Cyt'kipadia ; end his views have received much support from the late obsenra* 
tioni df MSL Ttodaneim and Omelin, celebrated Genmm Fbyitologists, 
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controcticn^ from its dividing the stomach somewhat this 
shape. 



Slcefecli of Stomachy with novr^lais Ckmtnctloii* 

« is the cardiac orifloo. and b the cardiac cavity. 

the pyloric oriflee, and c the pyloric cavity, 
e mailca the situation and extent of the contraction. 

• 

The first of those cavities he nances cardiac^ firom its vi- 
cinity to the heart ; tlie second, ^yhriCy ftom its vicinity to 
the pylorus. 

Now this contraction, which is only temporary in man an4 
canuvorous animals, becoming pennanent in others^ as iho 
bearer, the hare, the rat, forms the first step towards the per* 
feet division observed in ruminating animals, in whidi ttiere 
are actually four distinct stomachs. In farther examining this 
matter, he ascertained that the liquids are in a great measure 
confined to the cardiac cavity, and absorbed from that when in 
too great abundance. The solid food freed from these is then 
pa«ed on to the pyloric extremity, where it is genecrally found 
drier and more reduced to the state of that pulpy mam tennei 
This, he observes, shows how the process of digestion 
may go on in the stomachs of men who drink after 
several quarts of different liquors, A weakness, also, of these 
muscles, rendering them unable to contract effectually, would 
account for the inconvenience suffered by many persons affected 
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with indigestion, from using eren a moderate quantity of drink 
at their meals. In such case the liquid would spread itself 
over all parts of the stomach, which would thus he prevented 
from acting properly on its sdiid contents. As some animals, 
in whom this contraction is pcnnaneut ruminate occasionally, 
particularly ^en fed on harder food than ordinary, this may 
give us some idea of the mode in which this same circumstance 
occurred in those men of whom we have spoken above. In 
the horse and the ass the dividon of the stomach is rendered 
very clear by the cardiac portion being lined with a regular 
cuticle, while the pyloric presents the proper villous surfiu^e. 
The cardiac portion is here, then, evidently but a receptacle in 
which the food undcigoes a sort of previous maceration and 
Softening before it is passed on to be digested in the latter. 
This cuticular lining is also found in part of the stomach of 
the kangaroo, which combines in itself this provision, with the 
cardiac prolongations, or pouches, such as occur in the hog, or 
the elephant, and a complexity approaching nearly to what we 
see in the ruminants. Under certain circumstances, kangaroos 
do ruminate. Sir Joseph Banks, who had several of these 
animals in his possession, found this to be the case when they 
were fed on hard food. It is not, however, their ordinary 
habit, as those whicli were so long kept at Exeter 'Change 
were never detected in the act. 

We have now arrived at the ruminating animals, in whom 
the complexity of the digestive organs has reached its utmost. 
In the ox, the food, w hen swallowed, descends first into a large 
cavity, termed the paunch, and the animal generally continues 
to eat until this cavity is quite full. The food here, under the 
ixrSuence of heat and moisture, suffers a sort of maceration ; 
and as the drink is contained not in this, but in the second 
atomach, fermentation occasionally occurs here, when a large 
quantity of green food, such as clover, rich grass, or othear 
young vegetables has been taken in. In such cases much air 
la diae^;aged, and the animal swells up enonuously, the 
paunch pressing on all the other organs, so as not und&equently 
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to dest»>y Hfe. Tbe readiest remedy is to plunge a knife into 
the left loin of the animal^ which penetrating the paunchy will 
give exit to the wind in prodigious quantities. This expedient^ 
though apparently so dangerous^ is seldom known to be fol* 
lowed by bad consequences, * 

It is generally in this stomach that those* hair balls, of 
which we spoke before, occur. Similar balls made of the 
fibres of plants are also found; and the bezoar^, once so 
famous, is now known to be nothing more tlian a stony con- 
cretion found in the first or second Ktomach of the wild goat, 
antelope, and other similar animals. The second stomach 
communicates so freely with this first, that were it not for its 
difference of structure it might be considered as forming part 
of it. It is known under tlie name of the honey^comb^ which 
well describes its appearance, and is situated like a slielf within 
the first The drink descends into this, by which it is enabled 
to moisten the food as it receives it from the paunch, and so 
mould it into little pellets, suitable to be sent up through the 
gullet for the process of a sound chewing. • This roguigitation 
is facilitated by the mode in whicli tlie gullet terminates. It 
opens just at the junction of the first and second stomachs, so 
that on itb left side it discharges into the former, w^hile at ito 
right it receives from the latter. But tlie most curious provi- 
sion is, the double muscular band whicli is continued from its 
extremity to the opening of the third stomach, which ojiening 
it brings forward close to the tenniuation of the gullet, 'when 

^ The hezoar was long supposed to have most powerful virtues as an antidote 
in cases of poisoning. Its use extended until it came to be looked on os a remedy 
for almost e^ciy disease ; but it proved unequal to its high obaraot^. and from 
having been extolled as good for everything, is now neglected as good fur nothing. 
The first person by whom it was mentioned was Avenzoar. an Arabian physiolan. 
and his aooount of it was sufficiently amusing. He says that the stags of bis 
country were very fond of eating serpents : this propensity, however, subjected 
them to the danger of being poisoned, to guard against which, as soon as fhelr 
repast was finished, they used to run into the water until up to ^eir nose : here 
they used to stand until the effects of the poison worked off. by means of a 
humour that oozed from their eyes, which gradually hardening and beoombig 
coagulated, fomed the becoar-stone. This, when quite hard. Was thrown off hgr 
the animal rubhing himself against the trees* 
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the moxad ii to be sw^owed a second time, fotmiog itself, 
also, at the same time, into a tube, so as to prevent any pertioii 
eaeaping into either of the other two cavities*. As long as the 
ittusnal k fed on milk only, this band is constantly folded in 
like a tube, leading from the end of the gullet to the third and 
fourth stomaoh. The two hist cavities are, at this period, 
dbsed up, for, not possessing any proper gastric juice, they 
have no power of coagulating milk, which we have above 
shown is the first step towards its digestion. This power, 
however, is possessed in the highest degree by the fourth 
stomach, into which, therefore, the milk is directly carried; 
and while the animal continues on this food there is no rumi* 
nation. But as soon as solid food begins to be shallowed, it 
forces open, as it were, the sides of the tube at the end of the 
gullet, escapes into the cavity of the first stomach, which then 
commences its duty, and thenceforth the animal ruminates. 

It is scarcely necessary to draw attention to so very obvious 
an instance of prospective design. The young animal is fiiiv 
nkhed with two additional stomachs, of no use to it in early 
life, but which become necessary as it advances towards 
maturity. We may, however, leom from it to be cautioua 
how we deny that a part can have use, because we do not im- 
misdiately perceive it. 

The third stomach, which is tlie smallest, is termed 
pikiy from the multitude of folds made by its inner mem- 
brane, which lying one over another, like the leaves of a book^ 
have also procured for it the name of book-tripe. Between 
these folds the food sent down after the second mastication is 
made to pass, and as they take a semi-circular direction, ita 
stay in this cavity is prolonged os much as possible. The 
number of these folds, or leaves, is about forty in the sheep» 
and one hundred in the ox. This opens directly into the 
fourth atomach, whkh is the true digesting stomach, furnished 

* II. FIohmus. who hoi opened the stomaobB of nioiiy Uving dieep whllo 
digeotlottwu going od« givcooBoinewhat different account of thla part of iho 
procesa. His views w ill be found in the Annalei dst Setenees Naturtttei. 
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with a villous cost» with solvont gastric juioe, and the other 
necessavy accompaniments. 

So to we may be considered as describing the digestive 
apparatus^ not only of the ox^ but of the sheep, goat, daot^ 
and all ruminants with horns. A still more con^Ucated 
structure occurs in the camel, dromedary, and dlama, which 
are without horns. The most accurate accounts we have of 
this are, perhaps, Cuvier’s examination of the stomachs of a 
llama, and Sir Kverard Home’s of those of a camel. We 
sliall rather extract from the latter, inasmuch as the habits of 
the animal are better known, and also, because Sir £. Home 
liad the advantage of examining a full-grown animal, while 
Cuvier’s was only in its foetal state. The difierences, however, 
were really very trifling. 

In 1805 the curators of the Hunterian Museum at the 
London College of Surgeons had an opportunity of purchasing 
a camel, which was in a dying state. They gladly availed 
themselves of the opportunity thus afforded of»farthering our 
acquaintance with the peculiarities of structure, which we 
only liad an opportunity of learning before through the 
medium of a dried preparation made by Mr. Hunter. 

They appointed Sir E. Home, as professor of coinporativa 
anatomy to the college, and some other gentlemen, to examine 
and report on the appearances found on dissection. 

The camel, the subject of the following observations, wae 
a female, brought from Arabia, twenty-eight years old, and 
said to liave been twenty years in England. Its height waa 
seven feet from the ground to the tip of the anterior hump. 

At the time it was purcliased it was so weak as to be hardly 
able to stand. It got up with difficulty, and almost imme* 
diately knelt down again. By being kept warm and well fed^ 
it recovered so to as to be able to walk, but was exceedingly 
iuflnu on its feet. It drank regularly every second day six or 
seven gallons of water, but refused to drink in the mtervening 
period. It took the water slowly, and by mouthful^ imtil it 
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had done. The quantity of food it consumed drily was^ one 
of oatSy one of chaff, and one-third of a truss of liay. 

In the beginning of February, 1806, it began to shed its 
coat, and cold winds coming on in March, it suffered much, re- 
fused itS food, and was reduced to an extreme state of debility. 
In this stat^ it was thought advisable to put an end to its 
misery ; and it occurred to the committee that if this was 
done soon after it had drunk a quantity of w^ater, the real 
state of the stomach, that adapts it for its travels iu the desert, 
might be ascertained. On the second of April, by giving the 
animal hay, mixed with a little salt, it was induced to drink 
three gallons of water, not having taken any the tliree pre- 
ceding days, nor shown the least inclination to do so. 

Three hours after drinking, its head was fixed to a beam, to 
prevent the body falling after death ; it being an object to 
examine the intestines witli as little disturbance from their 
natural situation as possible. In this situation it was imme- 
diately killed, by dividing the spinal marrow close to the head 
with a sharp double-edged poniard. In two hours the cavities 
of the chest and abdomen were laid open. 

The first stomach, or paunch, was the only part of the 
contents of the abdomen that appeared in view. Towards the 
left side it was quite smooth, but towards tlie right it was 
irregular, and wrinkled in such a manner, as to show that 
there was a collection of cells at that place. It was evident 
to the feeling, tliat these cells contained air, hut no part of the 
solid food with which the general cavity was distended. More 
cells were noticed in the posterior and lower part of the cavity, 
and these felt as if filled with fluid. To ascertain this, an 
opening was made, and about a pint of water, of a yellowish 
colour, but unmixcd with any solid matter flowed out. 

The first cavity was now carefully laid open on the left 
ride^ to avoid interfering with these cells, and the solid con- 
tents were all removed. It w^as then observed that the W'ater 
contained in the cells ^f the second cavity w^as quite pure. 
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while that in the cells of the first was tinged by its solid con* 
tents. No part of the solid food, however, had enter^ these 
cells, nor was ony of it found at all in the second cavity : these 
cavities having their orifices so constructed as to prevent the 
food from entering them, even when empty, ^ 

On measuring the capacities of these different reservoirs in 
the dead body, they were as follows : 

The anterior cells of the first cavity were capable of con- 
taining one quart of water when poured into them ; the pos- 
terior cells, three quarts. One of the largest cells held a^ut 
a wine-glass full : and the cells of the second cavity about four 
quarts. This, however, must be considered as much short of 
what these cavities can contain in the living animal, since there 
are large muscles covering the bottom of the cellulai; structure 
to force out the water, which must have been contractedimme- 
diately after death, and by that means had diminislied the cavi- 
ties. By this examination it was proved, in the most satiSfisMS- 
tory manner, that the camel, when it drinks, conducts the 
water in a i)ure state into the second cavity ; that part of it 
is retained there, and the rest runs ovift* into the cellular struc- 
ture of the first, acquiring a yellow colour in its course. 

This confirms the account given by Buffon, in his exami- 
nation of the camel’s stomach, as well as that of travcUers, 
who state that when a camel dies in the desert, they open the 
stomach and take out the waiar that is contained in it to 
quench their thirst. 

It appears singular, that after this fact w^as so clearly de- 
monstrated, and so explicitly stated, M. Rudolphi, a conti- 
nental physiologist of great distinction, should advance tlie opi- 
nion that the liquid found in the cells of the camel’s stomach 
was not the water swallow'ed, but a certain watery secretion 
made from the sides of the stomach ; and that on no better 
grounds than that he believed such to be the case in a plant 
{Neji>erUhes di^illatoria), in certain receptacles of which a like 
watery matter is found. It only shows that ingenious men 
sometimes take great pains to go wrong, and that the labours 
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of our E ngl irii phydologiets are not saffioiently studiod or 
appreciated by tbdr continental brethren* 

That the second cavity in the camel contained water^ 
had been generally known : but by wliat means the water 
was kept separated from the food, so as to be sufficiently 
pure for drinking, had not been ascertained. Neither 
was it known, as the second cavity was evidently merely a 
receptade for liquids, by what means the offices of the second 
cavity in homed ruminating animals were provided for. These 
offices, it will be remembered, were to receive the food after it 
had been macerated in the hrst stomach, to supply it with 
moisture, and mould it into pellets fit to be sent up through the 
gullet for a second chewing. A view of the first stomach, as it 
appeared when laid open, will explain these points. 



Pint Stomach of the Coxuol, together Aiith opening of second Stomach. 

Now in this cut we observe, lliat from the termination of a, 
the gullet, run two strong muscular bands ; the one of which, 
is continued quite across the pauneli, making a sort of 
partial division, while tlie other, runs only as fin* as the 
tuning of tlxe second stomach, d, and turning siiort to the 
ligh^ passes through its upper part, aud terminates at the 
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gf tke thixd stomacb. Beyond the opening of tfae 
Booond stomach, we obeerve a oertain nombn of tiansverae 
xaosoular bands ninning from the great longitudinid ridge, 
and giaduallj losing themselves on the sides of the stomach. 
They are crossed by others, so as to form tiiemselves into orils, 
each capable of a^itting water, and, by ooqfracting their 
orifices, of preventing the entrance ci solid food. Siniilar oeUa^ 
but smaller, are observed at js, the right ride of the cavity. 



Second, third, and fourth htomachs of the CameL 

a opening from first to second stomaoh. 
h ticcond stomach ; c third stomach. 
d e fourth stomach, partially separated hy a oentraoilon. 
f the duodenum, or commerncoment of the intestines. 


The structure of the second stomach is also of this cellular 
nature, except a smooth passage on its upper part, continued 
along the side of the muscle c, and assisting it in conveying the 
food to tlie orifice of the third. It is clear, then, that food 
coming along the gullet will, when matters remain as at pre- 
sent, drop into the great first cavity. But the muscles b and r, 
being under the command of the will, the animal, when it 
drinks, can cause them to contract towards each other, by 
which means the canal between them is narrowed and con- 
verted almost into a tube, that conveys the liquor direct freon 
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the extremity of the ^Uei into the second cavity ; and wheu 
the cells of this cavity are full, the rest runs off into the oells 
F of the first cavity immediately below, and afterwards into 
the general cavity. We are now prepared to answer the 
question, How is the food prepared for reguigitatipn? When 
first swallowed, it is received in the smooth part of the paunch ; 
firom this it is gradually transferred, after maoeomtion, &e., to 
the cellular part at f. Here it is supplied fiom the cells with 
the necessary moisture^ formed into pellots, a^ being situated 
exactly at the bottom of the canal b c, is by a slight muscular 
effort thrown into it, and thence conveyed along tlje gullet up 
to the mouth. We also see, that when these cells are empty, 
they can readily receive a fresh supply firom the second 
stomach, which is Situated just over them; and this explains 
the mechanism that enables the camel at one time to take in 
water enough for several meals, to supply it to each at the 
required time, and in just proportions, and to preserve it pure 
and unmixed with its food, until the necessity calls for it. But 
we have not yet seen all tlie uses of our muscular bonds. The 
food is In the mouth ; it has undergone its second mastication, 
and is now to he swallowed again. The bands contract them- 
selves into a tube, but c contracts also in its length. By this 
It draws forward the opening of the third stomach, c, into the 
second, ft, closes the muscular bands that separate the cells in 
this latter and enables the morsel to pass over them into the 
third, which in the camel being very small, soon transmits it 
into the fourth, where digestion finally takes place. 

The 01^ thing that now remains to be observed respecting 
thifi^ is the nature and structure of the cells ; and Mr. Clift’s 
vety excellent sketch leaves us nothing to desire on this point. 

Here a represents part of the long muscular ridge that tra- 
verses the entire stomach; b the transverse muscular hands 
that run firom it, and which, being cut at right angles by other 
haxidii^ form the cellular cavities. It is evident, that by their 
eontiaotion the mouth of the cells would be closed, ivhilc Uie 
contraction of the muscular fibres which we perceive running 
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at the bofttom of the cells would teod to make them shallow, 
and so discharge the water they might contain. But we would 



more particularly wish to draw attention to the close similarity 
ohifervable between this and the magnified view of the mode 
in wliich the muscular fibres of the h^iinan stomach intersect, 
as shown at page 71 . 

.This illustrates an observation often made, and which, 
indeed, there are many things tending to confirm, viz., that 
classes of animals seem framed after a certain model or design, 
certain parts of which are developed in some species, and the re- 
maining parts in otliers : the rudiments, however, of all these 
parts are to be found in all the animals of tlie class, even where 
w'c cannot conceive their existence to be of any possible use, 
except as showing the type. 15 ^ 

This doctrine, though ingenious and probable, is by no 
means Supported on a sufficient number of observed facts, to 
enable it as yet to rank as an established general truth. It 
w'ill immediately recall to the recollection of the classical 
reader Socrates’ doctrine of Arch^types^ more fully dilated on 
by Plato ; and it is sufficiently interesting to observe bow a 
trutli has been at remote periods almost reached by the rays 
of knowledge, and then laid for centuries in the shadows of 
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IgnossBce; iiow HippoeisteB obecnrely propmiiidB the doctrine, 
thedemenetrationof which has immortalissed Harrey, and how 
a passage in Smeca has seemed to many almost prophetic of 
the discoveries ofOcdninbus^* 

On a comprehes^ve view, then^ of tlie lAomachs of the ox 
aiid the caclel, it appears that In the ox tliere arc three 
stomachs foimed for Ihe pr^amtion of the food^ and one for 
its digestion. In the camel there is one cavity fitted to answer 
the purposes of the first two in the ox; a second employed as 
a reservoir for water, having nothing to do with the preparation 
of the food ; a third, so small and simple in its structure, tliat 
we can scarcely attribute to it any particular office, except as 
a sort of ante-chamber to the fourth, which is the true stomach, 
and that in whi<^ digestion takes place^ 

In the stomachs of ruminating animals, the processes which 
the food undergoes before it is converted into chynic^ are more 
complex than in any others. It is cropped from the ground by 
the fore-teeth^ then passscs into the paunch, where it is mixed 
with the food in tliat cavity; and it is worthy of remark, 
that a certain portion is always retained there; for although 
a bullock is frequently kept without food seven days before 
it is killed, the paunch is always found more than half lull; 
and as the motion in that aivity is known to be rotatory, by 

* It has been miggested that a short explanation of thcHC allusions may Ikj 
S ioeessary. The doctrine of Archetypes was, that previou.j to the existence of 
the world, and heyoiul its present limits, there existed rertaiii ArchetyjK'S— the 
embodyment (if we m«j' use such a word) of general ideas; and tliat these 
Archetypes were models, in imitation of whici’ all particular beings were 
creatiid. Tlius that the general idea or image a man had a real cxistenee, to 
which all individual men bore a resembla»iCO. The passage in Bcneca is the 
well-known one in his M>’dca.—Act iii. v d7:i, 

^''•nlelU aiinis 
Sflpcula seris, qnib’is oceanus 
Vincula reruin laxei et ingens 
Pateat tell us, Typhisque novos 
Detcgat orhea; nec sit terris 
Ultima Thule. 

Which means that *' m future years a iicriod shall come when the limits of the 
world shall be extended, now lands discovered, and Thule no longer considered 
the remotest r^rion of the earth.'* 

For the passage from Hippocrates, see the Chapter on the Circulation of 
the Blood. 
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the hair-halk found thene being all apherkftl or oybSL^ with the 
hairs laid in the same direction, the contenta must be inti- 
mately mixed together. I^ie food is also acted upon hj the 
secretions belonging to the first and second cavities, for 
although they are lined with a cuticle, they have secretions 
peculiar to themselves. These secretions are Ascertained by 
Dr. Stevens’ experiments to have a solvent power in a slight 
clegroe, since vegetable substances contained in tubes wctc dis- 
solved in the paunch of a sheep. 

TJie food thus mixed is returned into the mouth, where it 
is masticated by the grinding-teeth ; it is then conveyed into 
the tliird cavity, and after a short delay here, is transmitted to 
the fburtli. The changes which are produced on the food in 
the three! cavities, are only such as are prepamtory to 
digivstiou; it Is in tlie fourth .alone that that process is carried 
on. The upper portion of this stomach is furnished with 
or folds, and answers to the cardiac portion of the human 
stomach. The gjwtric glands pour out their soVent fluid liere, 
and act on the food ; and it is from thq presence* of these glands 
in the stomachs of diflerent animals, that their existence in the 
human stomach has been inferred. In the upper part of the 
foiirtli stomach of flic deer, sinall orifices are seen in the inter- 
nal inemhraiie, leading to cavities which appear to he the 
oj)enina of these glands. In the lower portion, the formation 
of chyme is completed. It terminates at tlie which 

sey)aratos it from the intestines. In some of the wliale trihe 
there 'w ould apjKjar to he a still greater (‘emplexity, os w(‘ find 
IMr. Hunter describing five, and even seven, stomachs in these 
animals. But, in truth, they are to he looked on as so many 
])ouehcs or divirions of one cavity, rather than as separate or 
distinct organs; neither is there sufficient diversity in their 
functions to entitle them to this latter consideration. 

Those singular animals, the omitlmrhynchi^ brought from 
the New Contment, afford, in their digestive organs, the link 
that connects the stomachs of quadrupeds with those of birds. 
And, as if they were in cverj’^ respect to contradict our i>recon- 
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ceivedjdeas, we find the gastric glands in them congregated 
about the pylorus, instead of occupying the cardiac extremity 
of the stomach, as in other animals. Au idea of tlie gradation 
may be had from this sketch. 


. rig. I. Pig. 2. 



Uark. OIl^^TKHOPl 8, on Cai'K Ant Eatfii. 



This scale scarcely requires explanation. In each of the 
figures, a is the gullet, d tlie duodenum, b the cardiac portion 
of the stomaf'h, c its pyloric portion. In the three first figures 


BIGSCTXON^ 


101 


we see the cardiac portion swells more and more to the 
left of the gullet, as the food, being less digestible, requires to 
be longer detained. The three following hgur^ show well the 
gradation between mammalia and birds, in which we should 
chiefly observe the approximation of the two orificef of the 
stomach, so that at lost they appear to meet At a common 
point. 

Another circumstance worthy of note here, is the accurate 
relation preserved between the form of the stomach and nature 
of the teeth. In the lynx (No. 1) the teeth are in great per- 
fection, the incisors, the fangs, and the grinding-teeth being all 
present and well developed. In man (No. 2) the three kinds 
of teeth are also to be found, but of smaller size, the fangs having 
dwindled into eye-teeth, as they are no longer intended to be 
the means of catching and killing prey, and the grinding-teeth 
being somewhat flattened and modified to suit the admixture 
of vegetable 'with animal food. In the hare (No. 3), and other 
gnawing animals, the fangs are quite gone, nothing remaining 
but the long incisors in front, and the grinders behind. It is 
true, that at a late meeting of the Academic des Sciences, M. 
Geoffrey St. Hilaire proj>osed considering the front^eeth of the 
rodentia as canine rather than incisor- teeth, but this was merely 
in consonance w'ith a tlieory of his own, besides, it is indifferent 
to our present argument what they may be called. In No. 4, 
the orycteropus, or Cape ant-eater of Pennant, the teeth ai*e 
still further reduced, there being neither incisors nor fangs, Imt 
simply six grinding-teeth on each side in each jaw, and those 
of a very imperfect kind, having no distinct root or cro'Wii, and 
resembling small cylinders perforated with minute tubes. The 
imperfection is still greater in tlie duck-billed plaitypus (No. 6), 
which, in place of teeth, has merely two hard homy promi- 
nences towards the base of the bill at each side. Finally, the ^ 
beak of the bird (No. 6) is totally deprived of teeth, and a 
single glance at tlie scale will show how, as the organs of mas- 
tication thus decline, the provision for retaining the food in 
the stomach becomes more complete, while a moment's reflec- 
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tion will convince va of ike wisdom and necessity o{ such an 
arrangement* 

The stomachs of birds, however, are distinguished from 
those of all mammalia, by being surrounded with an extremely 
strong c8at of muscular fibres, and lined internally, at least in 
anch as feed^on grain, with a hard horny structure. This 
species of stomach, commonly named giszard^ is admirably 
suited for supplying the place of teeth, which, it is well known, 
are wanting in birds. The gullet, before arriving at the gizaard, 
generally exptuids itself into a large pouch, termed the crop*. 
In this the food undergoes a sort of maceration, and is mixed 
with the juices which it contains pretty abundantly. It is 
then transmitted to the gizzard, passing in its way over an 
abundance of gastric glands, which pour out their secretions 
on it as it passes. Arrived here, the powerful muscles of the 
gizzard contract; they grind the food, press it in every direc- 
tion, and break it small by the assistance of numerous small 
pebbles, which dhe instinct of the animal directs it to swallow. 
Yet some people tell ua that fowls swallow pebbles from mere 
stupidity! Any grains which escape this bruising process 
cannot be acted on by the solvent fluid, but are evacuated 
undigested. Now in most birds that feed on vt‘getay>les, the 
opening from the gizzard into the intestines has no valve to 
prevent the contents of the cavity of the gizzard, when full, 
from escaping into the intestines without undergoing digestion. 
This will be understood at once by refeiTiiig to our last plate, 
where we see, that if the gizzard was full, any additional 
food taken in might at once pass from a, the gullet, to a?, the 
intestine, without getting deeper tlian the very entrance of the 
stomach, and so without being submitted to its proper action. 
Here then, say some, is a manifest waste of food for want of a 
proper provision for retaining it. But, in the first place, the 
waste can only take place wlien thei-e is a superabundance of 
food, as it is oxdy the overflowings of the stomach can pass off 
in this way ; and secondly, so far is it from being a uselm 
waste, that this is one of the means appointed for the disseml- 
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isAtion of plants ever extensive tracts of country, and for trans^ 
porting them to coral-banks, and newly-formed islands, where, 
otherwise, we could scarcely say how vegetation should com* 
mence* It is also to be remarked, that the growth of grain is 
much accelerated by having undergone this process, which is 
something analogous to what farmers do when tliey steep their 
wheat previous to sowing it. The liaws, or berries of white- 
thorn, require being buried in the earth for a year before they 
are fit to be sown; but if turkeys are fed with them in the 
autumn, and the dung is sown, the plants begin to vegetate in 
the following spring. 

The crop is generally situated at the bottom of the neck, 
or in front of the breast, and every one may have observed the 
fulness in that part after a fowl has made a good meal. In 
some birds, however, the crop is situated much further back, 
even behind the breast-bone, close to the toil. This was first 
observed by M. llerissant, a French anatomist, in the cuckoo, 
and he tliought he had, in this formation, •discovered the 
reason why that bird does not sit on her eggs; for, as he 
aigued, tlie crop being situated so far bock, and just in the 
place which would cover the eggs in incubation, it would be 
most uncomfortable, wlien this was swelled with food, to have 
a prominence from within meeting a like prominence from 
without. This was very ingenious, but is another proof of the 
danger of drawing genersd conclusions from on individual fact. 
Further observations sliowed that a like formation existed in 
birds that did sit on their eggs ; Mr. Wliite found it in the 
fern-owl, and Blumenbach in the nut-cracker and other birds. 
On the other hand, Wilson found no such peculiarity of struc- 
ture in the cow-bimting of North America, which, like tlm 
cuckoo, leaves its eggs to the care of another. In reptiles the 
stomach is simple, in serpents thin and membranous, scarcely 
distinguishable from the cesopliagus, hut provided with a 
powerfully solvent juice. In some fishes, such as the mullet 
and ^illaroo trouty it is so muscular as to have got the name of 
a gizzard. It is, howev^, distinguished firom thi% as Mr. 
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Hunter states, by vranting the peculiar cartilaginous or homy 
lining. The object of its strength is to enable them to break 
the shells of the small moUusca, on which they feed. The 
Stomachs of some emstoMa, as the crab and lobster, present the 
peculiaxity of being framed on a skeleton, and furnished with 
teeth, which *ure wanting in the mouth. Insects present this 
organ in all the before-mentioned varieties ; the earwig rivals 
the crustOfCea in having the upper orifice of its stomach fur- 
nished with a double row of teeth ‘ and the mole-cricket 
resembles the ruminantSy in having no less thazi four distinct 
and separate cavities. ^ 

But we must return to our most important subject, the 
human stomach, and consider some points connected with it, on 
which we have not yet touched. These are the sensations of 
hunger and thirst, and the kinds of food most suited for our 
use. 

Hunger has been very differently explained. Some ascribe 
it to an uneasiness arising in the stomacli from its being empty 
and unoccupied ; otliers to the rubbing together of the internal 
coats of its opposite sides ; others to the dragging of the liver, 
now no longer supported by a full stomach; others to the 
action of the gastric fluid on the coats of the stoniacii. This 
last theory seems most favoured by Dr. Wilson Philip, who 
adduces, in support of it, the following case. “A person was. 
induced to remain four-and-twenty hours without food, and 
then, in place of indulging his appetite, to provoke vomiting, 
A quantity of a clear, glairy fluid was brought ofl^ which was 
presumed to be the gastric juice, and the person no longer felt 
any desire to eat.” But the gastric juice can only act on the 
coats of the stomach by its bulk, or its chemical properties. 
The former clearly is not the cause of hunger, as then a person 
would be most hungry when the stomach was most full ; and as 
for the latter, we have sho^^m ai)Ove that gastric juice can only 
act on dead matter. Besides, man^’^ persons lose their appetite 
when the regular time of their m^al is past, though we cannot 
suppose that at the same time the gastric juice has disappeared 
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from their Btomach& [Dr. Beaumont^ however, denies that 
the gastric juice is secreted, except upon the application of food 
or some other stimulus.] Neither is the mere sense of empti- 
ness sufficient to account for the feeling of hunger, which we 
know is increased by the application of cold to the sur&ce, and 
instantly by swallowing cold liquids. The explanation by 
friction is equally unsatisfactory; because friction, if it does 
really occur, cannot be greater than that of the sides of the 
stomach against its contents immediately after a meal, when 
the organ ia in great action, but at which time hunger does not 
exist. Hunger has been attributed also to a sympathy of the 
stomach with a general feeling of want in the system. But 
hunger is removed as soon as a due proportion of food has been 
swallowed, and long before it is digested, and carried into the 
general system. Thus fowls are satisfied when their crops are 
filled, although their food is not even ground preparatory to 
digestion until it reaches the gizzard ; and ruminating animals 
cease to collect fresh food before they begin to ohew that with 
which their stomachs are distended. From these considerations 
Dr, Elliotson supposes that hunger may be a sensation con- 
nected witli the contracted state of the stomach. We know 
that as the stomach becomes empty, it contracts, not by the 
falling in of the sides, but by the regular action of its circular 
fibres. It always then maintains its cylindrical form, and we 
have had occasion to see this remarkably exemplified in some 
cholera cases, in whicli the stomach was so shrunk in as to 
resemble, at first sight, a ])ortion of the small intestine, yet was 
its form preserved. Dr. Elliotson further supports his opinion, 
by the observation that such things as we may suppose to 
increase the contraction, also increase the appetite. Thu^ a 
draught of cold liquid, which cannot but contract the stomachy 
and corrugate its inner coat, increases hunger ; and acids, bitters, 
and astringents, have the same effect, and fr^m their nature 
may be supposed to act in the same way. Again, it is dimi- 
nislied by heat, and everything that relaxes. It ceases as soon 
as the stomach is filled, no matter whether the substances used 



be nu^tive or not* The Otomacs, during the periodical imuir 
dations of the rivers of South America^ when tlie d^Kth of the 
waters almost entirely prevents fishings appease their hunger 
for two or three months^ by distending their stomachs wi^ 
prodigious quantities, a pound and upwards in the day, of a 
fine, unctuous, strong-smelling, yellowish-gray clay, slightly 
baked, and destitute of all organic substance, oily, or farinaceous* 
The Kamtschatkans sometimes appease their hunger by dis- 
tending their stomachs with saw^-dnst, for the want of some- 
thing better. This, however, we know now to ^^lantain some 
particles capable of being digested. 

On the whole, no single cause seems as yet sufficient to 
account for all the facts connected with hunger. We must, 
perhaps, look to a combination of seveml of those we have 
mentioned, and, above all, acknowledge the powerful influence 
of habit and the nervous system. The faquirs and dervises, 
who are, by their vows, obliged to long fasts, blunt the sensi- 
bility of the nerves by the free use of opium and tobacco, 
which they find to diminish the pangs of hunger. The same 
object is attained amongst some tribes of northern Asia by 
a girdle braced tightly over the stomach, and laced behiud with 
cords, drawn cloeer as the uneasiness increases. Some attribute 
this to the principle on which pressing on a limb lessens the 
commuiiication of pain from its extremity ; Dr. EUiotaon 
accounts for it by the fact, tliat a tight bandage diminishes the 
pain arising from strong muscular contraction; and this, we 
have shown, is the mode in which he accounts for hunger. 

Thirst is a still more imperious call thou hunger, and is 
much less patiently endured. The blood as it circulates is con- 
stantly pouring out its w'atery particles in the form of perspi- 
ration, exhalation from the lungs, the saliva, the secretions that 
moisten the serous membranes, and many other such ways* 
As it parts with these, its saline particles become more concen- 
trated, the blood itself more stimulating, the jaws and throat 
become parched and dry, and we are thus admonished that a 
further supply of drink is necessary to the system. The use of 
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salted food hnmea the demand for this in two both by 
xzKsreasiiig the quantity of s^ine matter in the circulation, and 
by stimulating the salivary glands so strongly, as to produce too 
copious a flow of that liquid, which is thus sooner exhausted. 
A traveller exposed to the scorching heat of summer, •finds it 
advantageous to mix spirits with his w^ater, wltich by itself 
would not suffice to produce that secretion from the salivary 
and mucous glands necessary to moisten the mouth. And, on 
the same principle, for persons affected with fever, in whom, 
from the stc^^page of the secretions, the thirst is very intense, 
the physician directs either the suspension of some sapid or 
farinaceous matter in the drink, toast- water, barley-water, 
or the mixture of an acid, lemonade, imperial, and the like. 
Violent pasMons that totally destroy the desire for food, on the 
contrary increase tliat for drink, lioge and terror dry up the 
mouth and throat, and cause violent thirst; and the worthy 
Vicar of Wakefield, wdien his son Dick was reciting the elegy 
on the death of a mad dog, called to his wife«for a bottle of 
gooseiwrry w’ine, adding as a reason, ‘J*Jb'or grief, you know, 
Deborah, is dry,” 

A singular proof of the influence which agitating passions 
have in the suppression of the salivary secretion, is thus men- 
tioned by Mr. Anuesley, in his admirable work on the Diseems^ 
of India: 

“ The secretion of the saliva seems to be under the influence 
of the same mental emotions as affect the functions of the 
stomach. Fear, anxiety, and various other depressing passioiu^ 
diminish digestion, and, most probably, produce this effect, by 
stopping the secretion of gastric juice. Observation shows us 
that they have a decided influence in lessening, or even in 
entirely arresting the secretion of saliva; a circumstance not 
unknown to the observant nations of the east. In illustration 
of this, it may be mentioned that the conjurers in India often 
found, upon this circumstance, a mode of detecting theft among 
servants. When a robbery has been ewnmitted in a family, a 
conjurer is sent for, and great preparations are made, A lew 
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days aro allowed to elapse before he commences his operations, 
for the purpose of allowing time for the restitution of the stolen 
property. If, however, it be not restored by the time fixed, ho 
proceeds with his operations, one of which is as follows. He 
causes quantity of boiled rice to be produced, of which all 
those suspected must eat ; and after masticating it for some 
time, he desires them all to spit it upon separate leavcsS, for the 
purpose of inspection and comparison. He now examines this 
masticated rice very knowingly, and immediately points out 
the culprit, from observing that the rice which he has been 
masticating is perfectly dry, while that which was masticated 
by the others is moistened by the saliva.” 

The length of time during which perfect abstinence can be 
borne, -without death following, is not well asceiiained. Indeed, 
we may wonder that men have attempted to fix any particular 
period, unless tliey could first show that digestion and assimi-* 
lotion were equally rapid in all. The effects of a protracted 
abstinence are^ a diminution of the size of the body, and a 
prostration of strength, which soon become apparent ; discolo- 
ration of the fluids, especially the blood; suppression of all 
discharges from the bowels though those from the kidneys 
continue, and it is remarkable that they arc increased if the 
body be frequently drenched with water ; extreme sensibility ; 
sleeplessness ; intolerable thirst ; painful sensation in the l*egion 
of the stomach ; these, however, cease after a few days, leaving 
only a weakness and sense of sinking. But a material altcmtion 
in the mind is also taking place. Imbecility fii*st comes on ; 
this is succeeded by ferocity. Each looks w'itli horror and 
aversion on his fellow-sufferer. Men become w'ild, quarrelsome, 
turbulent, regardless ot ^heir own fate and that of their neigh- 
bours. Reason yields her seat : idiotcy follows verocity ; or, 
delirium coming on, the sufferer dies raving mad. It is only 
this can account for the horrible atrocities committed in such 
cases. T)ie shipwrecked sailors, in the extremity of starvation, 
draw lots which shall die to feed the rest ; women, pressed by 
the same feeling, liave devoured their own children, as we read in 
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Josephn^ happened at the siege of Jemsalem ; and in Holy Writ, 
when Ben-hadad besieged Sharia ; and Captain Franklin was 
assured, in his jonmey to the Polar^Sea, ^Hlfat men and women 
are yet living, who have been reduced to. feed upon the bodies 
of tlieir own family, to prevent actual starvation* and a 
shocking case was cited to us of a woman who I?ad been prin- 
cipal agent in the destruction of several persons, and amongst 
the number, her husband and nearest relatives, in order to 
support life.” 

Tlie strong and robust die the soonest from want of food, 
for in them digestion is most poAverful ; and from the eneigy 
of all the vital functions the supply is most quickly ex- 
hausted. The knoAvledge of this fact, for which he was pro- 
bably indebted to Hippocrates, bas enabled Dante, true to 
nature, in his thrilling episode of Ugolino, to depict the father as 
perishing the last, after having witnessed, in all the agonies of 
rage and despair, the sufferings and death of his four sons who 
were imprisoned Avith him. The opinion that this order w^as 
not accidental or poetical, is strengthened by his making the 
father die on the eighth day, the very period at which Hippo- 
crates declares abstinence to be necessarily fatal. That it was 
not an actual description of AA'hat did occur, is also certain; for 
Morgagni tells us, that Avlicn this unfortunate family had been 
shut uj>, the keys of the prison w^erc flung into the Amo, that 
no one should witness or assist at the heart-rending spectacle 
of tlieir mortal agony. 

A tradesman, impelled by a succession of misfortunes, re- 
tired to a sequestered spot in a forest in Grermany, and there 
resolved to starve himself to death. He commenced putting 
his determination in force the 15th of September, 1918, and 
w’as found eighteen days after, still living, although speechless, 
insensible, and reduced to the last stage of debility. A small 
quantity of liquid was given him, after wdiich he expired. By 
his side w^as found a pocket-book and pencil, the former con- 
taining a daily journal of his state and sufferings up to the 
-tOth of September, four days before his death. He had con- 
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BtmctM a iittfe hut uf bushes and leaves. On the 17th of 
September he complained of suifering from cold ; on the IStli 
his thirst was so ihtolerabTe tliat, to appease it, he licked some 
dew irom the surrounding v^etables. On ^e 20th he found 
a smalf coin^ and with difficulty reached an inn, where he 
purchased some beer; the beer failed to quench his thirsty and 
his strength was so reduced, that he took three hours to ac- 
complish the disttmce, which was hut two miles. On the 22nd 
he discovered a spring of water, hut, though tormented with 
thirst, was obliged to forbear drinking, from the agony the 
cold water caused in his stomach, exciting vomiting and con- 
vulsions. The 25th made ten da 3 's since he had taken any 
thing, except i)eer and water. During that time he had not 
slept at all. On the 26th he complained of his feet being dead, 
and of being distracted by thirst ; he was too weak to crawl to 
the spring, yet being dj’eadftilly susceptible of siiHering. The 
29tU of September was the last da^’* on which he made a me- 
morandum. 

Tlie most extraordinary cases of protrach^d abstinence have 
been met mtli in weak and infirm women, living in obscurity" 
and inaction, and in whom life, nearly' extinct, just showed 
itself in a scarcely’ perceptible pulse, and a slo\v indistinct re- 
spiriition. One of the best authenticated of tl^ese is, tliat of 
Janet Mficleod, published in the Philosophical Transactions for 
1777, and certified b^' Dr. Mac^kenzie, the physician who drew 
up the repoil;, and hy the sheriff dcjnitr and other inagistmtes 
of Kosa-shire. The girl had hoen healthy until the jige of 
fifteen, when epileptic fits and fever reduced her to tlic lowest 
state of debility. Her appetite gradually diminished, initil at 
last shel’efusod all kin<I of sustenance ; her jaws became closel3’' 
locked, so that it became nccessur 3 ' that her father should open 
them with a knife, when the 3 '^ attempted to make her swallow 
au 3 i;hing. It was, however, in vain. She constantly i*cjected 
whatever was offered to be put into her mouth; and fiom 
Wliitsimtide, 1763, for a period of four 3 "ears, they never could 
ascertain tliat anything passed down her throat, except a pint 
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of water, which she drank once at adraoght, and a texyamall 
quantity of water, horn a mineral spring in the neighborhood, 
with which they filled her month^ at another time. During 
this period she generally lay on her side without moving, her 
eyes closed, her pulse beating &intiy, her legs contracted, and 
bent backwards and upwards. Towards the en& of the fifth 
year her jaws became unlocked, she appeared a little more 
lively, and partook occasionally of a small quantity of oaten or 
baricy-cake, crumbled, in the hollow of her hand, and moist- 
ened with milk. She was able to leave her bed, but the 
account does not proceed so far as to say whether she ever 
reached any degree of health and sti-ength. 

Ciuses of enormous gluttony have been most common in the 
other sex. At the age of seventeen, Tarrare, a Frenchman, 
bom at Lyons, was able to eat a quarter of beef in twenty- 
four hours. Having left his parents, and travelled towards 
Paris, sometimes begging, and sometimes stealing, he attached 
himself tlien to a show, and soon gained grftit celebrity by 
devouring a huge basketful of apples, for which one of the 
spectators had undertfikeu to pay, and afterwards swallow- 
ing a ({uantity of flints, corks, and other stich substances, 
Beinj; admitted into the Hotel- Dieu, on account of violent 
colics brought on by these tricks, he was narrowly prevented 
swallowing the watch, chain, and seals of M. Giraud, the 
houiK^-surgeon. At the commencement of tlie revolution he 
joined the mob, and j^rocured, by this means, enougli <d food. 
When the war ]>roke outv, he entered the anny. His com- 
rades, having at first tlic means of procuring themselves better 
food, allowed him to devour their rations ; but this did not 
last long, and Tarrare, nearly famished, fell ill, and -was ad- 
mitted into the hospitiil at Sulzer. Here he was recognised by 
M. Courvillo, who had formerly seen him at the HOtel-Dieu, 
and who now took him under his charge for the sake of ob- 
serving so singular a case. He had a fourfold allowance, but 
not content with that, proceeded to eat up what was left by 
the other patients, the waste of the kitchen, the poultices, and 
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eVeiy thing that camfe in his way. He devoured dogs ani 
cats, until, as M. Percy assures us, they fled at the sight of 
him. In the presence of M. Lorenze, physician-genewd to the 
army, he seized a large cat alive, by the throat and paws, tore 
open its belly with his teeth, sucked its blood, and devoured 
it, leaving nolhing but the skeleton. In a few hours after he 
threw up the fiir, just as birds of prey do. Large snakes he 
was fond of, and despatched them with the greatest flicility ; 
and one day he gobbled up, in a few minutes, all the dinner 
prepared for fifteen German labourers, which consisted of four 
bowls of curd, and two immense dishes of dough boiled in 
water with salt and fat. 

It occurred to M. Courville that he might be made useful 
in conveying letters requiring secrecy, when there was danger 
of their falling into the hands of the enemy. He proposed to 
him to swallow a lancet-case, in which he had placed a sheet 
of white paper. This Tarrare readily did, and returned the 
case next day v^'ith the paper unsoiled. He was now taken 
before the general (Beauhamois), in whose presence he swal- 
lowed thirty pounds of raw liver, and afterwards the case, in 
which the general had placed a letter to one of his colonels 
that had been taken prisoner, Tarrare was not very fortunate 
in this embassy. He was caught by a Prussian outpost, and 
as nothing could be found on him, was beat us a sj>y, and im- 
prisoned for about thirty hours. Disgusted with this unhand- 
some treatment, he declared, on his return, that he wished to 
be cured of his omnivorous propensities, and accordingly was 
readmitted into the hospital, where opium, tobacco, and various 
other remedies were tried without success. Hia insatiable 
appetite still continued, and he was in consequence obliged to 
have recourse to the most disgusting means of allaying it. 
Sewers and slaughter-houses were ransacked; he disputed 
their prey with the dog and the w'olf ; and at last strong sus- 
picions of cannilmlism caused him to be driven from the camp. 
From this time he was not heard of until four years after, 
when M. Percy found him at the hospital of Versailles in the 
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last stage of a cpnsumption,. no longer vprwncms^ but "v^reak, 
wasted, and labouring under a purulent diarrhoea. He shortly 
died, and his body almost immediately became a mass of 
putridity. 

He was of the middle height, thin and weak. Hitf cheeks 
were wan and furrowe(^ and when distended eiftibled him to 
concOal in them ten or twelve good-sized eggs or apples. This 
approach to the cheek-pouches of bats, apes, hamsters, and 
other ravenous animals, deserves notice. On being opened, his 
stomach was found to be of an immense size, and, os well as all 
the intestines, in a state of suppuration. During life he was 
always offensive, hot, and in a sweat. When he had eaten 
but moderately, he was able to wrap the skin of his belly 
almost round liis body. After a full meal, he used to retire to 
a corner, and fall into a brutal state of insensibility. 

The principal facts of this case may be considered illustra- 
tive of most cases of excessive gluttony, so that we need not 
add any more*. But a remarkable instance ^of the power 
'wliich the stoinacli has of preserving it^if from the injuries of 
ibreigu bodies, is found hi the following singular account of a 
man who lived ten years after havmg swallowed a humber of 
clasp-km^ cs. To render it still more interesting, we shall 
quote tlic description drawn up by the man himself, while in 
Guy’s Hospital, and read, after his death, to the Medical and 
Cliirurgiciil Society of London, by the late Dr. Marcet. It is 
headed, 

Narratim of John Cummins, drawn up hy hittmlf — ^A 
miraculous recovery of a seaman, who swallowed a number of 
knives at three different times, as you see m tins little book.” 

The little l)o<jk begins by mforming us, that in the month 
of June, 1799, he and some of his shipmates, being at Havre, 
went into a tent and saw a man swallow a knife, for which 
sight they paid a livre each. On their return to the ship, they 

• In the third volume of the Tranmettont of Uie Hoyal Afiatic Society is an 
account by Major General Hardwick© of a Hindu, who, in his own presence, 
ate up an entire Bbocp, and was said to find no difficulty- in finishing two at a 
singlo repast. 



«ak and "bqim to liiBgoy the femer part of the ifigixt aa 
fiottower-^AfUar iunsakmg very hearty^ one of the company 
epened the etoiy coAcembg the above play*«ctDr% which^ he 
zepeided^ that it was an extraordinary aflGair to swallow knirea. 
ISha anthev made anawer directly^ and told him thid he could 
emUew kmfea aa as they conld. The company present 
hook notke of ^ above answer being made so qnick^ and far 
the cariosdty of the eiveumstanee, made a serious inquiiy if he 
voas man enough to perform what he had already stated* He 
did xkot like to go gainst his word, neither was he anxions to 
take the job iw hand ; hut by having a good supjdy of grog 
inwardly, he took his own pocket*^kniic and tried it hrst, which 
slipped down his throat with great ease; and by the assistctnce 
of some drink, and the weight of the knife, conveyed it into his 
stomach. But still the spectators seemed not satisfied with 
one, but made further inquiry if he could swallow any more. 
He replied in a word, *A11 the knives on board the sliq).* By 
this answer there were three more knives presented upon the 
table, which he swallowed in a few minutes, the same way as 
the former. And this bold attempt of a drunken man, the 
company was well entertmned for that night.’* In the course 
of two days after he passed three of the knives, but never 
could ascertain what became of the fourth. However, it never 
gave him any pain or uneasiness, and shortly utter he took 
his departusre from France, and never thought on swallowing 
any more knives for the space of six years; otter which you 
^hiill see as follows;’* — 

Boston, March 13, 1305, was in company, where he gave 
his report of hia success in swallcwlng knives in France, in 
June, 1799. Two or three oi the company told him plain to 
his face, that it was impossible for any man to do such a thing, 
and that it was nothing but fiJse report, which took it very 
highly afiironted ; but, after considering a short time, told 
the company he was the same man still, and, if it was agreeable, 
that he would satisfy their curiosity. One small knife waa 
presented to him. which he swallowed instantly: in the course 
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of that niglit ht frwalloired man, whkh made edx iti alL 
Ifext morning he had a thonBand vuHofe, but gave veay 
fftw cf them admittance. It happcaaed in the couiee of ikat 
day that he awallowed dght moare^ and stx the night before^ 
nrhich made fourteen; and that vras tihie 14ih of the Smooth; 
so he had aerallowed a knife to every day the month was old.. 
Next momiiig was the llih ; he waa taken very ill, with con- 
slant vomiti^ and pain in hk stomadb. Directly he was 
brought to Chazksten Ho^tal, and betwixt that period <i 
Hole and the 28th following^ was safely delitoed of hk oaigo, 
and the whole of them are preserved in the infirmary of that 
city.” Hia next fit of swallowing was brought on in nearly 
the saocne manner, on board H« M. S. Isis, December 4th, 1800; 
and in the course of that night he swallowed five knives. 

^ Next morning, being the 5th day of the month, the sh^s 
company were anxious to see the perfomanee renewed the 
second time; by the ezicouragemeiit of tho people, and the 
8sfii<)tance of good grc^ (and his lot was ordained to be mke* 
table alter, in consequence of the same), he swallowed nine 
that day to his own knowledge ; and the spectators intomed 
jiim afterwards that ho swallowed four more, that he knows 
nothing about: they wore all clasp-knives, and some of them 
very largo.” Next day he was obliged to apply to the surgeon, 
and continued tor a long time an invalid, occasionally sufiering 
much pain, which was always increased just before he passed 
parts of the knives. 

June 12th, 1807, he was discharged this ship in conse- 
quence of his complaint, and likewise being found at the 
survey unserviceable ; alter which he was admitted into Guy's 
Hospital, under the care of Dr. Babington. Great many never 
believed such a circumstance. After five weeks being in the 
hospital, was presented out, and was in lodgings for tlxe space 
of five weeks; but finding liimself getting worse^ was obliged 
to make the second a|>plication, and was re-admitted under his 
phy^eian again.” 

There is little to be added to this nazrative, which vm 

i2 
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found in the pocket of the unfortunate man after his decease, 
but tliat he became gradually worse, and died, March 1809, in 
a state of extreme emaciation. On opening his stomach, 
between thirty and forty fragments were found in it, being 
evident^ pieces of handles, blades, and back -springs of knives* 
They are preserved in the Museum of Guy’s Hospital. 

Many disputes have arisen respecting the kind of food on 
which nfian should naturally subsist ; but these disputes tend 
.to nothing, for man would be in vain adapted for living in all 
varieties of climate, were he not also capable of using gro&t 
variety of food. Thus many at present live solely on potatoes, 
dates, or other vegetables. The wandering Mooi’s have scarcely 
any other food than gum. The inliabitants of Kamtschatka, 
and many other shores, scarcely any other than fish. The 
shepherds in the province of Caraccas, in South America, on 
the banks of the Oronoko, and even some tribes in Europe, 
live almost wholly on flesh. Some barbarous nations devour 
raw animals ; >«ome eat spiders, and different species of erusta- 
ceoua and molluscous animals. Many South American tribes 
eat clay as a luxury; the Guajeroes, on the west of the Rio 
de la Haclie, carry a little box of lime, as sailors do a tohacco-r 
box; and German workmen at the mountain of Kiffhdnscr 
spread clay instead of butter on their bread., and find it very 
satisfying, and easy of digestion. 

Tlie articles of diet generally employed by every nation 
and class of society are much determined by the facility with 
which they are procured. Animal food Ave find more used in 
cold climates, and vegetable in AA^ariii. A mixture of the two, 
however, is considered more agreeable, and, at the same time, 
better suited to our necessities. Dr. Prout reduces all the 
articles of nutriment Used by the liigJier aniiuals to three 
classes; the saccharine, oily, and albuminous. The fii-st com- 
prehends sugars, stai’ches, gums, and some other analogous 
principles; the second, oils, fats, alcohol, &c.; tlie third, other 
animal matters, and vegetable gluten, so abundant in wheat. 
He was led to this theory by observing that milk, the only 
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article actually furnished and intended by nature as food, is 
essentially composed of three ingredients, the oily, butter; the 
albuminous, curd, cheese ; and the saccharine which is found 
in the whey. From this he was by degrees led to the conclu- 
sion that all the alimentary matters, employed by man and the 
more perfect animals, might probably be reduced to the same 
three general heads. And this conclusion has been favoured 
by a course of experiments which he has since instituted. It 
remains to be proved whether animals can live on one of these 
classes exclusively, and Dr, Prout seems inclined to deny the 
possibility of this. But he must have forgotten the fact men- 
tioned by Ilasselquist, of the caravan of Abyssinians, who, 
liaving exhausted all their provisions in the desert, would have 
starved, liad they not found among their merchandise a stock 
of gum, on w’hich they subsisted for upwards of two months. 
There is no doubt, how^cver, that the food used by us is, in 
general, a mixture of two, or all three, of those classes of nutri- 
ment ; and the imitation of this mixture is the bbject of all our 
cookery and art in the preparation of opr food. “ Thus, from 
the earliest times, instinct has taught us to add oil or butter 
to fariuaceous substances, such as bread, which are naturally 
deficient in this principle. The same instinct has taught us to 
fatten animals, with the view of procuring the oleaginous in 
conjunction with tlie albuminous principle, which compound 
we finally consume, for the most part, in conjunction with the 
saccharine matter, in the form of bread or vegetables. Even 
in the utmost refinements of luxury, and in our choicest deli- 
cacies, the same great principle is attended to, and the sugar 
and flour, the eggs and butter, in all their various forms and 
combinations, are nothing more than disguised imitations of 
the great alimentary prototype, milk^ as presented to us by 
nature.'’ 

We have delayed long on the stomach and its contents, yet 
wc are very far from having exhausted so copious and inter- 
esting a subject. Our limits would warn us to conclude, yet 
we cannot do so without returning to the case of Alexis St. 
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Martin, detailed at page 81, for the pnipose of showing the 
practical bearing of Dr. Beaumont’s experiments as regards the 
food of man. We have stated that Martin’s stomacli, having 
been perforated by a mnsket-shot, healed, the aperture not 
becoming closed; and that, in course of time, a valve grew 
down over it, which completely retained the food, unless it was 
intentionally lifted up, in which case the food, at any period 
of its digestion, could be extracted and examined. This, of 
course, enabled Dr. Beaumont to ascertain, with much pre« 
oislon, the relative digestibility of different kinds of food ; and 
the following may be taken as a condensed view of the results 
of his experiments. 

Of Farinacea, — Rice boiled soft, was perfectly converted 
into chyme in an hour ; s.'igo in one hour forty-five minutes ; 
tapioca, barley, &c., two hours; bread, fresh, three hours— 
stale, two hours ; sponge-cake, two liours thirty minutes. 

Of Vegetables, — Cal)bage, raw, two hours thirty minutes— 
boiled, four hours (vinegar much assisted its digestion); pota- 
toes, roasted, two hours thirty minutes — ^boiled, three hours 
thirty minutes; carrots, boiled, thi'ee hours fifteen minutes; 
beet, boiled, three hours forty-five minutes; turnips, boiled, 
three hours thirty minutes; beans, boiled, two hours thirty 
minutes; parsneps, boiled, two hours thirty-one minutes. 

Of Fruit. — ^Apples, sour and hard, two hours fifty minutes 
—mellow, two hours — sweet and ripe, one hour thirty minutes ; 
peach, mellow, one hour thirty minutes. 

Of Fish and Shell Fish. — Trout, boiled or fried, one hour 
thirty minutes ; cod-fish, cured and boiled, two hours ; oysters, 
undressed, two hours fifty-five minutes — roasted, three hours 
fifteen minutes — stewed, three hours thirty minutes; bass, 
broiled, three hours ; flounder, fried, three hours thirty 
minutes ; salmon, salted and boiled, four hours. 

Of Pmdtrg^ GamCy S^c, — Turkey, roasted, two hours thirty 
minutes — boiled, two hours thirty-five minutes ; goose, wild, 
roast, two hours thirty minutes ; chicken fricasseed, tw'o hours 
forty-five mmntes ; fowls, domestic^ boiled or roast, four hours; 
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ducks, tame, roast, four hours — ^wild, roast, four hours thirty 
minutes. 

Of ButcJiers* Meat^ 3^c . — Soused tripe and pig’s feet, fried or 
boiled, one liour ; venison steak broiled, one hour thirty-five 
minutes ; calf’s or lamb’s liver broiled, two hours ; ducking 
pig, two hours tliirty minutes ; mutton, broiled^ three houis 
— ^boiled, three hours — ^roast, three houis fifteen minutes ; beef, 
fresh, broiled, three hours — ^roasted, three hours — Slightly salted 
and boiled, three hours thirty-six minutes — old, hard, salted, 
four hours fifteen minutes ; pork steak, broiled, three hours 
fifteen minutes — lately salted and boiled, four hours thirty 
minutes — stewed, three hours — ^roast, five hours fifteen mi- 
nutes ; veal broiled, four hours — ^fried, four hours thirty minutes. 

Varieties. — Eggs, raw, two hours — ^roasted, two hours fif- 
teen minutes — soft-boiled, three hours — ^hard-boiled or fried, 
three hours thirty minutes ; custard, baked, two hours forty- 
five minutes ; milk, two hours ; butter and cheese, three hours 
thirty minutes ; suet, four hours thirty minute ; oil, some- 
what longer ; apple-dumpling, three houivs ; while calf ’s-foot 
jelly was digested in little more than hafl* an hour* 

Such are the principal of Dr. Beaumont’s facts, obtained as 
the means of numerous results : in many points they confirm, 
in others, differ from the tables of Doctors Paris, Prout, Wil- 
son Philip, &c. They all, however, agree, that venison is one 
of the most easily digested of meats, that wliite fowls are in 
general more so tlian brown, beef tlian veal, and boiled meat 
than meat dressed in any other way. Oily food is peculiarly 
indigestible, and it was only consequent upon the use of such, 
that Dr. Beaumont found bile to enter the stomach during 
digestion. From subsequent experiments made out of the 
body, he ascertained the fact (which at once explained the 
above), that oily or fatty food is sooner digested, when there 
is a small admixture of bile with the gastric juice.” Of course, 
such food should be cautiously abstained from, by all persons 
labouring under bilious complaints. 

We now proceed to trace the faod in its fruther downward 
course. 
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Part III. ^fthe Intestinal Canal^ and what takes place there: 
—of the Liver ^ Pancreas^ Spleen^ and Kidneys. 

The food we left at the pyloric end of the stomach, after being 
properly acted on by the gastric juice, and reduced to that 
grayish pulpy mass termed chj/me^ When the food, thus 
altered, is presented to the pylorus, the muscles of this latter 
relax ; the ring widens ; and a free passage is allowed the food 
from the stomach into the first part of the intestines. 

That part of the alimentary canal, which extends generally 
in a very tortuous course, from the lower orifice of the stomach 
to the vent, or anm^ is called the intestines. It is usually 
divided into tlip small intestines, and the great intestines ; each 
of these are subdivided into three parts, tliose of the small in- 
testines, named duodenum^ jejanim, and ileum ; w hile those of 
the great intestines are called cgpcmw, colon^ and rectum, Tlic 
order in which we have named them will show liow these 
parts succeed each other as we pass firom the stomach tow'ards 
the vent. 

There is always a relation observed between the fonn and 
size of the great intestines, the small intestines, and tlie sto- 
mach. It is genemlly true, that the intestinal canal is shorter 
in carnivorous, and longer in herbivorous animals, as compared 
with the length of the body. Omnivorous animals, such as 
man, hold a middle rank in tiiis respect. There are, however, 
some exceptions to this rule ; the seal has very long, and the 
sloth very short, intestines. In man the small intestines are 
about twenty-six feet long, or from four to five times the length 
of the body ; the great intestines six feet, or one length of the 
body : the latter ore termed greaty from their superior diame- 
ter. The whole intestines, then, in man, may be said to be six 
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times the length of the body, while in the lion they are but 
five times, and in the ram extend to twenty-seven times its 
entire length. As we go through the classes of vertebrated 
animals, these proportions diminish. In birds, the intestinal 
canal is to the length of the body, as two, three, Ibur, or 
rarely, five to one. It is hardly twice tlie length of the body 
in many reptiles, and not so much in the frog ; while in some 
fishes the alimentary canal is continued straight from the 
mouth to the vent, and therefore does not equal the length of 
the body. This is the case with the lamprey, skate, and shark. 

Like the stomach, tlie intestines hare three coats. The 
outer, derived from the serous membrane, binds them all to 
the baek-bone, yet with so long a bond as to give them consi* 
derable freedom of motion. Inside this we find the muscular 
coat, consisting of fibres in a longitudinal and circular direction, 
by which the motions called peristaltic and vermicular are pro- 
duced. It is by these motions that their contents are urged 
forward ; and the mode in which this is done may be undeiv 
stood from this sketch. 



Let ABODE he different portions of the intestine, in the 
first of which, a, is contained a part of the alimentary mass, 
W’hich has been softened dowm and formed into a pulp. Notice 
of its presence there is given by the nervous filaments with 
w'hich this part is supplied. In consequence, the muscular 
fibres of a contract, and pass its contents into b ; they do not, 
however, immediately relax, for b being now stimulated, con- 
tracts in turn. If, then, a were to relax immediately, as much 
of the contents of b would go back into a as forward into c. 
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But A remamnig ocHitracted, b discharges itself into c : a then 
irelaxeSy and b remains contracted until c has passed on its con- 
tents to D. If the motion l^e made hock from c to b, and b to 
A, this is termed CM^-peristdltiCy and such, we have reason to 
believef accompanies the inverted motion of the stomach in 
vomiting, fof the bile, which naturally does not enter the 
stomach, is, at such times, discharged from it in the greatest 
abundance. 

A singular effect that sometimes results from irregular con- 
tractions is, that one part of the intestine is swallowed within 
the other. Tliis is called intus-susoeptio. Thus, if some acnd or 
irritating matter liave got attached to the inner coat of a, on© 
pcation of an intestine, a shall contract itself very powerfully 



in the endeavours to got rid of it, but discharging nothing into 
B, there will be no inducement to b to contract ; it will, there- 
fore, remain open, and any further contraction of the longitudi- 
nal fibres will cause* a to slip within b. The imicr coat of b is 
now sensible of something wdthin it, consequently b contracts, 
and squeezing tightly the vessels of a, stops its circulation ; 
mortification comes on, and death ensues. 

The arrangement of the lon^tudina! muscular fi}>res varies 
in the colon. In place of being distributed in a regular order 
round the intestine, they are collected into three bands, which, 
being Bhorter^l|jaEin the intestine, cause it to appear puckered 
up. The intervals between these bands, l>eing weaker, yield 
more readily to distension, fonning cells or sa^cculu The fences, 
when dry, readily assume the fonii of these cells, as may be 
well observed in the horse, goat, and sheep. 

Within the muscular coat is a layer of fine condensed cel- 
lular structure, so distinct, as often to be described as a separate 
coat, und^ the title of mscular^ from the quantity of blood- 
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vessels that ramify in it ; or TtervouSy a mistake, peipehi- 
ated from the old anatomists. 

The true internal coat, however, which is finely spread 
over this, is the most curious part of the whole structure * for 
by its means is the nutriment separated from the food as it 
passes along, and conveyed into the mass of the Slood. This 
coat is termed villous. It has a soft fleecy surface, and, being 
of greater extent than the other exterior coats, is thrown into 
circular folds, wliich hang into the intestine like imperfect 
valves, with their concave edge floating. They have the name 
of valvules cosmiventes. Their use, as described by Sir Charles 
Bell, is ^ to increase the surface exposed to the aliment ; to 
enlarge tlie absorbing surface ; and, at the same time, to give to 
it such an irregularity, tliat the chyle may lodge in it and he 
detained.’’ The viUiy from which this coat has its name, are a 
number of extremely fine, short, filaments, that appear like a 
fine down on its surface. They are so minute, as not to be 
easily observed without tlie aid of a macmifyihg-glass ; yet 
each of them consists of an artery, vein,** filament of a nerve, 
and an absorbent vessel. When there is nothing in the intes- 
tine, they arc flat, relaxed, apd hanging down ; but when the 
food gives notice of its presence to the netvous filament, the 
artery becomes {stimulated, more blood is sent into it, the villus 
is erected, and the absorbent is seen with open month collect- 
ing the white, milky nutriment, the course of which we shall 
have to trace further when speaking of the absorbent system. 

Around and between the bases of the villi are placed innu- 
merable small glands, pouring out a watery mu^us secretion, 
which assists the passage of the food, by pmseaflH to it a con- 
stantly lubricated surface. Prom the presence glands, 

this coat has also been denominated the mucous coat ; and the 
student will always bear in mind that it is still a modifieati<m 
of the external skin, which, at first, folded over the edges of 
the lips, acquires new properties in the mouth ; is thence con- 
tinued as a soft, spongy, delicate lining through the maophsguB, 
drawn into loi^tudinal folds by the oontiaction of the circular 
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muscles ; at the great end of the stomach is wrinkled, while 
numerous glands, placed beneath it, pour out their secretions, 
and gastric juice is exhaled from its surface, somewhat as per- 
spiration is from the external skin ; towards 'the pylorus it 
assumes, in many animals, the mlhus appearance, caused by 
the minute ends of the vessels throwing it uj) like so many 
little nipples ; these are extremely numerous in the small in- 
testines ; gradually diminish as we approach the large ; until, 
at last, when we come to the rectum^ we find it again a smooth, 
spongy lining, exactly as it was in the gullet, and jirejiared 
again to give up its peculiar character, by being once more 
continuous with the external skin, which occurs on the edges 
of the vent. 

From this description of the structure of the intestines we 
shall readily understand a division of much importance in the 
nature of purgative medicines. Some, as rhubarb, act by sti- 
mulating the muscular coat to contract ; the peristaltic motion 
becomes mole active, and the solid contents are evacuated. 
Saline remedies, on the contrary, have their action on the 
mouths of the mucous glands ; they excite them to discharge 
a large quantity of a watery fluid, as salt placed in the mouth 
produces a large flow of watery saliva ; and this fluid, mixing 
with the solid contents of the intestines, dissolves them down 
into a thin fluid mass, which is easily passed forw^ard. In 
some cases, however, the solid contents have become too hard 
and solid to be thus acted upon, and they remain, causing much 
irritation and disturbance, when an ignorant physician imagines 
the bowels must be totally clear, because his patient has had 
abundant watery evacuations. 

So much for the intestines generally ; but before w e exa- 
mine their functions more particularly, we must speak of some 
organs which now become connected w itli the digestive process. 
For, when the chyme has passed the pylorus, and got into the 
duodenum, it becomes mixed with the bile and pancreatic 
fluid, which are both poured in through ducts opening into 
this part of the intestine ; and, at the same time, a consider- 
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a^ble change is observed to take place in it^ and a separation 
into two parts, the one white, rich, and nutritive, called the 
cht^lcy the other the bulky indigestible residuum forming the 
fmces, , It beegmes necessaiy, therefore, to inquire how far this 
change depends on the admixture of these fluids ; aid this 
inquiry will be assisted, by examining the naUire of these 
fluids and the organs by which they are secreted. 

The Liver, The first of these is the liver, by which the 
bile is formed from the blood, with which it is abundantly 
flupplied. Tills is the bulkiest of all the viscera ; it lies on the 
right side, close up under the ribs; attached at top to the 
diaphragniy while its lower part, stretching towards the central 
line of the body, lies in front of where the stomach passes into 
the duodenum. On the posterior side of the liver is placed the 
gall-bladder, in shape like a pear, and serving as a reservoir in 
which to keep the bile until it is required in the duodenum. 
The duct leading into the duodenum is generally met and 
joined to the duct bringing the pancreatic fluid^ so that they 
both pour their contouts on the chyme at the same place. 

It has long been a matter of dispute wdiether the liver 
forms its bile from arterial or venous blood. To understand 
this question, it is necessary to state, that while most other 
organs receive only arterial blood and return venous, the liver 
receives both arterial and venous blood, and the latter in a very 
peculiar manner. For the general rule of the circulation is, 
that arteries, setting out from the heart, divide and subdivide 
as they advance, until they liave attained an extreme degree of 
minuteness ; veins, on the contrary, commencing wdiere these 
terminate, gradually unite into trunks, and those into larger 
trunks, till at last they return the whole hlooti of the body 
into the heart, by two large conduits ; one from the head and 
upp^T extremities, the other from the trunk and lower extre- 
mities. To this general rule there is a curious exception as 
regards the liver. The veins from the stomach, spleen, groat 
and small intestines, unite to form a trunk. This, in place of 
running towards the heart, or uniting itself to some other 
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tnmk» nmfl into the liver. It enters it between two of its 
iobes^ which form something like a ^te for its receptian, 
whence its name wna pfirtos^ and immediately commenees 
dividing and subdividing itself in tlie substance ^ the liver^ as 
thougtt it had been an artery. Now a large arte^ (the A^po^fc) 
hlao enters t^e liver, and branches out as usuaL 

The liver, then, has two sources of supply ; it has but one 
product, the bile: the question, then, is simply this, from 
which source of supply is the product formed ? Minute 
searches into the nature of glands, seemed to show that secre- 
tion takes place in extremely minute vessels; now it was 
thought that the dispute respecting the bile would be settled^ 
by ascertaiuing whether the minute vessels iu which It was 
secreted were continuous with the final subdivision of the 
artery or the vein. Upon this sj>ecnlation, therefore, the ana- 
tomists set to work with knives and magnifying glasses. 
Some pursued up the artery to its iiiinutest branch ; others 
the vein. Some sliced the liver across, and tried what they 
could hcc in the section ; others cut it longitudinally. Some 
examined it raw, some boiled, some macerated in water, in 
spirits, or in acids. After much tn)ublc in this way, it ap- 
peared tliat each of them saw wliat he liked to see, but, unfor- 
tunately, could seldom make any oue else see it. It was 
agreed, tlicn, that this would not decide the point ; and ano- 
ther mode was hit on. One gentleman made a very fine injec- 
tion of size or paint, and forcing it with a syringe into the vena 
portffi, found it returned by the biliary ducts luid the hepatic 
veins, which are employed in returning Iroiii the liver all the 
blood that remains after the bile has been formed, and the 
organ nourished. Here wa>» “ confinnatiou, lull as strong as 
proofs in Hol^ Writ.” The blood of the vena portae not only 
sufficed for the biliary secretion, but filled the he])atic veins. 
The poor hepatic artery was in danger of liaving nothing at all 
to do, but that, fortunately, another gentleman took it into his 
head to drive his paint injection through it, when, lo! the 
biliary ducts and hepatic veins became filled with equal iaci- 
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lity. In ^ort^ all these systems of ressels comnmnicated so 
freely, that, by using a certain degree of force, from any one 
yoa could hll all the rest* hbcperim^ts on living antmalfl 
-were next had recourse to. Some tied the vein, said that 
stopped the seeretion of bile; others tied the artery, %nd re- 
ported the same results. In most cases the un&rtunate am- 
mals, made the subject of experiment, were so injured by the 
operations, or by the subsequent inflammation, that they 
afforded no fair grounds for inferring what might or did occur 
in their natural conditioiL. Argument, now, was the last 
resort ; and those who have studied the question most, seem 
to think with Sir Roger de CJoverley, that “ much may be said 
on both sides.” 

One party urged that the unusual distribution of the vein 
argues its application to an unusual ofbce ; that this office in 
the liver is evidently the secretion of the bile ; that the artery 
has enough to do in supplying nourishment to the organ ; that 
the venous blood, containing more carbon than the ai'terial, is 
fitter for the elal)oration of bile, which abounds in this princi- 
ple ; and, finally, if the vein be not for this use, for what use 
is it ? To all this the other j>arty replied, that every other 
secretion is formed from ai'terial blood, therefore analogy would 
say the same for this; that the size of the hepatic artery, 
almost eciual to one supplying an entire limb, is too great to 
suppose its blood exhausted in nourishing the liver, but that 
enough for secretion must remain ; that the use of the novel 
distribution of the vena porta? is to prevent the blood returning 
in too great quantities, or with too much violence on the heart, 
or, perhaps, tis maintaining a reservoir of blood, for tho extra- 
ordinary necessities of the system, out of tlie immediate range 
of circulation; that the point respecting the greater or less 
quantity of carbon scarcely deserves notice ; and, vrhat is most 
important, that in mollusca there is no vena portoe, yet bile is 
secreted, and that two instances have occurred in Loudon where 
the vena portie never entered the liver, in which, consequently. 
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the whole secretioQ must have been made &om the blood of 
the hepatic artery. 

Such was nearly the state of the question when we com* 
menced to write ; but an admirable paper read by Mr. Kieman 
before «the Koyal Society, and published in the last number of 
their frcmscmtionsif has finally sotted the question, and proved^ 
on the indisputable authority of anatomical demonstration) 
that the bile is secreted from venous blood alone ; that this 
venous blood is, in part, that brought by the vena portm^ in 
part that brouglit by the liepatic artery, become venous after 
having contributed to the„ nutrition of the organ; that, there* 
fore, both sources contribute to the formation of the secretion, 
and that if one of them were cut its place mighty to a 
limited extent, be supplied by the other. He has, also, fully 
explained the apparent anomaly in the cases above alluded to ; 
but his explanation involves too much anatomical reasoning to 
he rendered intelligible to our readers. On the whole, his 
jw-iwjr is one qf the most valuable contributions that lias been 
made of late years to human Physiology ; and we feel no doubt 
that Pathology will derive equal benefit from one which he 
promises on the diseased apiiearances of the liver. 

The fact of the liver being employed in removing from the 
system the superfluous carbon y has caused it to be considered 
in some measure subsidiary to the lungs, in which we knovir 
the same takes place, the air which enteis them returning 
loaded with carbonic acid, a combimition of carbon witli 
oxygen. Many things tend to stningthen this idea. The 
heat of the body depends on the formation of this cai*bonic 
acid ; but if the external heat be sufficient, there is less neces- 
sity for internal heat, less carbonic acid is formed, more carbon 
is left to be got rid of by the liver, the bile becomes acrid, and 
the liver deranged. This accounts for the frequency of liver- 
complaints in hot climates. In the foetus, for whom the heat 
of the motheris body must be sufficient, the lungs are small 
an4 colla|){^d ; wliile the liver is large, extending much further 
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down than it does in the adult, and a quantity of bile is 
secreted, as we always find much greenish matter, termed 
mecqnimi^ in the bowels of the infant when bom* If we trace 
the scale of animals, also, we sh^ find that as the lungs 
diminish, the liver, having a greater share of business, enlarges ; 
^Brogs, who give out little carbonic acid, liav© more imperfect 
lungs and larger livers than sparrows, who give out a great 
deal ; and in fishes, and mollusca^ such as snails, oysters, th&t 
breathe by gills, Mr. Lawrence informs us that the liver is 
very large, consists of several lobes, surrounds the stomach 
and intestines, and opens by several moutlis into these cavities." 

The nature and appearance of bile are tolerably well known. 
It is of a greenish-yellow colour, but varies much in this 
respect ; sometimes deepening into a brown ; sometiinea 
brightening into a green. It is a -sdscid fluid ; and this qufdity 
is much increased by a short stay in the gall-bladder, where 
absorj)tion of its more liquid particles would seem to take 
place. It is sometimes found to contain animiflculcs ; and a 
species of worm, called fluke^ existing imtlie gall-bladder and 
ducts of sheep, causes amongst them the disease, termed the 
rot. Its taste has become proverbial, “ bitter as gall." 
Chemists have discovered in it a peculiar principle, named 
picromel {niKpos bitter, ficKi honey), from its combining a 
bitter Avitli a sweet taste ; and on this they suppose many of 
its properties to depend. They also speak of a green resinous 
part, but without much certainty. 

Of the use of the bile we shall speak wdien we have said a 
few Avords of the pancreas and spleen. 

The Pancreas* is better knoAAm in animals by tlie name of 
sweet-bread. It is a long narrow gland, placed behind the 
stomach and across the back-bone. It resembles very much a 
salivary gland, and the fluid it exudes approaches closely in its 
nature to saliA^a. It has been extirpated without the animal’s 
health appearing impaired. The duct from it opens into the 
duodenum, along with, or immediately by, the. duct from the 
* Pancreast flo^by; from 9rav, aH; and fledi, 
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liver. The use of the pancreatic fluid is not very well known* 
Some suppose that it modifles the acrimony of the bile^ others 
that it assists in preparing the nutritive part of the food for 
absorption. 

IM /Spleen is of an irregular figure, and dark purple colour^ 
situated at Ihe left side of the abdomen, close up under the 
ribs, as the liver is at the right, and attached at top to the 
diaphragm, and by its side to the groat curvature of the sto- 
niach. It is of a peculiarly soft, yielding, spongy structure ; 
comjwsed almost entirely of vessels which admit of being 
readily emptied, or as readily distended with blood, by which 
it is capable of suiting itself to the condition of the neiglibour- 
ing ports. Thus it has been observed to swell up and enlarge 
when the stomach was empty, and to be contracted when this 
organ was full. From this, and its close comicxion with the 
stomach by means of vessels (vasa hreoia) which pass between 
them, it has been generally considered as intimately connected 
with digestion. Some have supposed it to act as a sort of fo- 
mentation, or application of heat and moisture to tlie end of 
the stomach, and thus to promote its action. Others liave 
said, that as the stomach, when digesting, requires more blood 
than when empty, the spleen acted as a reservoir, in wliicli 
the blood was retained until the stomach, becoming full, 
pressed on the spleen, and so compelled it to discharge the 
blood necessary for its use. But we have no proof that the 
stomach can so compress the spleen ; nor is the spleen always 
situated so immediately in its neighbourhood as to render tliis 
probable. The frog, for instance, has the spleen in tlie 
mesentery ; and, in rmninating animals, the spleen is attached 
to the paunch, or first stomach, so that, if pressed on ])y this, 
it would be giving out blooa when no digestion at all was 
going on, as this does not commence until the food has got 
into the fourth stomach. Another opinion has been, that it 
served as a counterpoise to the liver, on the opposite side of the 
belly ; Hewson thought it made the colouring matter of the 
blood ; Sir Lverard Home, that it received the liquids direct 
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from the stomach ; Erasistratus^ that it was of no use at all ; 
and Paley could find no better use for it than as a pad 03^ 
stuffing to assist in packing ail the other viscera, and keeping 
them comfortable in their places. All these theories have been 
refuted, or, from their absurdity, not considered worth mfuta- 
tion. There remains one, not often insisted on, supported 
by some reasons, and, what is better, by some facts. 

Let us suppose any given quantity of blood, say ten pints* 
necessary to the performance of the functions, and the main- 
tenance of life. Suppose tliat exactly this quantity were con- 
tained in, and filled the circulatory system, it is clear that any 
sudden accident, such as a rupture of a vessel, or a wound, by 
which half a pint or a pint of blood was lost,* would suspend 
life, or leave the person in a low, exhausted condition, from 
which bis recovery would ])e tedious and uncertain. In sliort, 
the oj)eration of blooding would, under such circumstances, bo 
more dangerous than the disease it was intended to remedy. 
To avoid this, a gi’cater quantity of blood is preserved in the 
body than is inimcdiatcdy necessary, and the superfluity ia 
placed in communication with the general circulation, though 
not in the immediate line of it, in certain reservoirs, from 
which it can be drawn, shouhl tlie system require it. We 
have before hinted that the liver may perfoi-m such a function 
in consequence of the mode in which the vena portce, carrying 
all the blood of the intestines, is divided in it, and it is now 
suggested that the spleen would be admirably adapted for a 
like purpose. 

The most accurate examination of its structure would show 
it to consist of nothing hut vessels, capable of great dilatation 
and subsequent contraction, according as they are required to 
hold a greater or less quantity of blood. In the cold fit of 
ague, when the blood, leaving the surface, is concentrated to- 
wards the trunk, this organ enlarges exceedingly to receive the 
torrent, which, if poured on the stomach, liver, or lungs, would 
be attended witb imminent danger. When reaction sets in* 
and tlie hot stage is fully establisned, the blood again rushes 
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to the surface, which now becomes red, heated, and swollen, 
till relieved by a copious perspiration, in which the fit ends ; 
while the spleen again shrinks and collapses to its ordinary 
size. If, however, the fit be frequently repeated, the spleen is 
not completely emptied each time, an accumulation and de- 
position take place in it, and it becomes permanently enlarged 
and hardened. This state of the spleen, familiarly known by 
the appropriate name of ague-caJcCy is of common occurrence in 
Lincolnshire, and other places where agues are rife. There is 
no ground for supposing it an organ of secretion. No secre- 
tion from it has ever been discovered, nor any duct by wdiich 
such secretion could be conveyed. Sir Kvenird Home’s idea, 
that it foi-med the medium bj*^ wdiich liquids "were conveyed 
directly into the circulation, he himself gave up on subsequent 
experiments ; to say nothing of the fact mentioned by Blu- 
menbacli, that the spleen is of good size in several warm- 
blooded animals who never drink. Its veins run direct to the 
liver, which, in the view we have taken of them, would sht)w 
a community of function. Dr. Lind mentions, that in the 
bilious intermittent fevers of Bengal, where the liver is often, 
inflamed and swollen, so as not to admit the venous blood to 
enter it as freely as usual, the spleen constantly becomes en- 
larged, and shows itself to be perfonning additional work ; 
and MM, Leuret and Lassaigne having applied a ligature on 
the Te7ia portcc of a dog, and examined its spleen two hours 
after, found it to weigh a pound and a-lxalf, while it ordinarily 
weighs hut two ounces. 

It would be im])ossible to consider the matter fully here, 
but wc think "wc have shown a probability that the liver may 
be an organ performing I wo functions ; one, tlio removal of 
caibon from the system, in which it assists the lungs ; the 
other, the detaining, in, a state of slow transit, a cei-Uiin quan- 
tity of blood, ready to be given out should there be a ctill for 
it, and this office it shares with the spleen. Wc have already 
shown, that as the lungs become more imperfect, or fail to per- 
form their office, the liver becomes larger and more active ; 
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but becoming larger, it is of course rendered, at the same time, 
a more capacious reservoir, tlierefore lias less need of the assist* 
ance of the spleen ; consequently, os nothing useless is left in 
the animal economy, the spleen,’* as Mr. Lawrence informs 
us, gradually diminishes in size from the mammiAia to 
fislies,” but this is exactly the order in which fhe liver in* 
creases. In molluaca, in whom the liver is of great magni- 
tude, the spleen docs not exist at all. Other arguments may 
be adduced, from the symptoms that accompany inflammation 
of this organ, but it will be sufficient to have alluded to this, 
and we shall now return to our ch^nie^ which wo left entering 
the duodenum. 

The duodenum derives its name from being, by old anato- 
mists, described as the first twelve {dm-deni) fingers’ breadth 
of the intestine, measured from the pylorus. It is now better 
and more anatomically defined, but the old name still remains. 
It is much larger than any other portion of the small intes- 
tines ; its functions and diseases are both of the* greatest im- 
portance, and by several anatomists it is rajst J to the rank of a 
second stomach. It takes its course to^^’al■ds the right side, 
from the orifice of the stomach lying across the back-bone, and 
above the paiicTcas ; it tlieii turns down, and having gone a 
short way in this direction, makes its tliird turn towards the 
left, so as to terminate at the back-bone, nearly under the place 
where it had commenced. This will be more clearly under- 
stood from a reforciice to the annexed figure. 
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Tbe ducts &om the liver and pancreas open into it just 
where it is turning downwards, and at this point a remarkahle 
change is observed in the food. In place of the gray unifom 
pulpy mass which we found at the pylorus, an evident separa- 
tion into two parts has taken place. The bile also seems to 
undergo decomposition, and one of its i)art8 unites with the 
nutritive part of the food, which now s\vim3 at the top, in the 
form of a white creamy duid, while the other, or proper bilious 
part is found mixed with the more solid remaining parts, and 
seems destined, by its bitter and acrid qualities, to stimulate the 
intestines to unload themselves of the faeces. So far the 
clianges produced liy the bile, seem almost entirely chemical, 
and Dr. Prout states, that having mixed chyme with bile, out 
of the body, almost the same appearances were observed. “ A 
distinct precipitation took place, and the mixture became neu- 
tral.” He could not, however, clearly ascertain the formation 
of an alhuminoitSy or nutritive principle, wdiich he attributed 
to the absence of the pancreatic fluid. It does not appear, 
how'ever, that bile is absolutely necessary for this separation of 
the chyme into chyle and excrement. Nutrition continues to 
take place in jaundiced patients, in whom, from the stoppage 
of a gall-stone in the ducts, or iiiflammatiun, or pressure of the 
neighbouring organs, not one j)artic]e of bile can enter the 
duodenum. In such cases, the bile, after being formed, is re- 
absorbed and carried into the blood, causing the general yellow- 
ness of skin ; wdiile the faeces, devoid of this principle, are per- 
fectly wliite and clayey, and the intestines, wanting its stimu- 
lus, become sluggish in their actions, from which arises that 
costiveness so generally attendant upon this disease. 

The next step is the tukiiig up this nutritive matter, which 
W'e have seen separated by tlie bile, and this is eiitirtdy a vital 
process. Tlic folds of mucous membrane, of Avhicli Ave have 
spoken as hanging into the intestine, are immersed, as it were, 
in tills creamy fluid ; the little vessels on their surface com- 
mence sucking it in, and have been actually seen in the feet 
by Sir Charles Bell, who lias seen the little A\djite flakes stop- 
ping up their orifices. 
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Jejwmm md Bmm. By &r the greater part of the ahaorp^ 
tion takes place in these, principally in the first, as we here 
find those mucons folds most abundant*. The use of these 
fi>lds seems to be, not only to increase the extent of the 
absorbing surface, but to cause some delay to the food dn its 
passage, and thus afford fiirther time for the absoribents to act. 
In some fishes the little delay thus afforded seems sufficieiit, 
without the necessity for convolutions. Thus the small in- 
testine of the blue shark presents this appearance, where wo 
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Stomach and small Tutestme of tbo Blup Shark. 

A f the stomach. B, the small intestine, with its spiral valve. 

see these folds transformed into a regular spinil valve. The 
intestine runs almost in a straight line to the vent; these 
valves, therefore, arc necessary to prevent the food from pass- 
ing too rapidly through it ; they also very inueh enlarge the 
absorbing surface. 

As the contents of the small intestines are urged along by 
musculiir contraction, they are thus gradually deprived of their 
liquid particles, become drier, and approach more in their pro- 
perties to fecal matter. 

77ie great intestines. AiTivcd at these, the mass has lost 

* The mode in which these parts arc distinguished is, by calling the upper 
two-hfthsof the small intestine (measured from the duodenum) 
the lower three-fifth ileum. Tho name jejunum Is said to be derived from jp/wntM, 
hungry ; because this part of tlie intestine is generally found empty. The ex- 
perience ol old anatomists differs entirely from ours, for we have os often found 
U full. 
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almost all its nutritive particles. In animals^ however^ that 
live on food difficult of digestion^ this is not altogether the 
case. To give an opportunity for extracting any that may 
remain, these intestines are made very winding and voluminous# 
The acecum and colon in the goat, whose food, so unlike the 
substance of our bodies, is with difficulty assimilated to it, 
measures more than twenty feet ; while in the lion, feeding on 
iflesh, they do not measure four feet. The absorbents, how- 
ever, are not found in any number opening into this part of 
the canal, so that not much nutriment can be acquired here. 
This accounts for the difficulty in supporting a person by -nu- 
tritive injections, as is sometimes attempted to be done, when, 
from a very irritable state of the stomach, or some other cause, 
the patient is unable to swallow. These injections can never, 
under ordinar}’^ circumstances, reach higher tlian the ccecuin, 
for a valve placed at its entrance, and opening only downwards, 
admits matter from the small intesthies, but bars all return. 

What reipains after this last absorption is excrement ; and 
when a sufficient quantity of it is collected, its bulk stimulates 
the rectum, or lower part of the whole canal ; the muscular 
fibres of this contract ; the muscle which holds it closed at its 
termination, relaxes ; and by the assistance of the abdominal 
muscles, useful in this as in vomiting, the ftccal mass is dis- 
charged. This is materially assisted by the ^structure, already 
noticed, of the hitemal membrane at this place. It has become 
soft, spongy, and abounding in mucous glands; the secretion 
from which, elicited in great abundance at this time, helps to 
lubricate the mass, and so facilitate its expulsion. 

Sir Everard Home had an idea that the fat might he formed 
in the large intestines, ami made some experiments to support 
this theory. A piece of muscle, digested for some days in bile, 
appeared fatty on the suiface. Something of the same kind 
occurred in faces that had been long retained. Ambergris^, 

* Dc BlainviUd queBtiens this, and Kiys some persons assign the production 
of ambeigris to a sort of icpidt which, during life^ has a strong ambreous smell* 
But he does not quote his authorities. 
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wHicb is of a rich fetty nature, is well known to be the con- 
tents of the great intestine of the whale, when from disease the 
excrement has been long retained ; and lumps of fat have occa- 
flidnally been passed by persons in iU-health. He mentions 
some other circumstances of the same kind, but has ndt suc- 
ceeded in making out his case. * 

Gases of different kinds are found along the course of the 
alimentary canal, either proceeding from the decomposition of 
the food, or, os is more pcobable in many cases, secreted into 
the canal. Careful analyses of these in different parts have 
been made. It would appear that oxygen and nitrogen are 
found in most abundance towards its commencement; carbonic 
acid and hydrogen towards its tennination. Carbonic acid, 
however, is by others stated to be found in greatest quantities 
in the stomach. The oxygen and nitrogen arc, probably, the 
constituent parts of the atmospheric air, w hich must be swal- 
lowed at each movement of deglutition, or mixed with the 
food during mastication. Some animals possess 4he power of 
swallowing air to a remarkable degree, It is by means of this 
that the sea-urchins swell out their skins, so as to erect the 
prickles with which they are covered, and which thus servo 
them as a defence against sharks and other voracious fishes : 
and it is the same faculty that enables the naiUilus, thus reij- 
dered lighter than water, to move gracefully on its surface. 

Light as a flake of foam upon the wind , 

Keel -upward from the deep emerged a shell. 

Shaped like the moon ere half her horn is fill'd; 

Fraught ith young life, it righted as it rose, 

And moved at will along the yielding water. 

Worthed] the dead creation, in that hour. 

To me appeared this lonely nautilus. 

We have now traced the food from its entrance to its exit; 
w’e have seen it chew*ed and mixed with saliva in the mouth ; 
swallowed by the tongue and gullet ; changed by the stomach 
into cht/me; by the duodenum, when mixed with the biliary 
and pancreatic fluids, into chyle; its nutritive jiarts absorbed 
from the small intestines ; and the remainder Anally converted 
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into exeremeait in the largfe. Before we proceed io inqafaB 
what becomes of the absorbed part, which would lead vs to 
the consideration of a new set of vessels, let vs say something 
respecting what we may term the liquid excrement^ the uriae^ 
and tlie organs by which it is secreted and contfined. 

An impo:Aa4|t difference is to be observed between seoi^tionB* 
Some, when ihrmed, are applied to a ^rther nse in the sys- 
tem; such are the bile, the saliva, and these are proper seoro* 
tions. Others seem merely formed to remove from the systeEin 
matters which, if remaining in it, would be injurious, and 
these, when formed, are quickly discharged: they are mm 
properly termed excretions^ and of this kind is the urine. 

The urine, then, is one of the means of purifying the 
83rBtem, and, in all the mammalia^ is secreted by the kidneys, 
and conveyed into a bhidder, from which, when a sufficient 
quantity to stimulate it is collected, it is expelled. It usually 
appears as an abundant watery secretion, of a pale-yellow 
colour, salt taste, and peculiar smeU, not disagreeable in the 
urine passed by a healthy person. The smell to which the 
name urinous is generally given, is not tliat to which we allude, 
for it, in arises from the decomposition of the urine which 
takes place with great rapidity as soon as it is exposed to the 
air. This proneness to decomposition arises liom the great 
number of ingredients it contains, amounting according to Bei> 
zelius, to seventeen, while Fourcroy and Vauquelin swell the 
number to no less than thirty. In short, it seems to be a sort 
of sewer to the body, through which everything useless is 
drained off. We shall find it vary mucli, according to the 
times at which it is examined: and physiologists have, with a 
view to this, divided it into urine of the drink, urine of the 
chylCy and urine of tlie blood 

Urine of the drink is that which is passed soon after liaving 
drank in grea^ abundance ; and this is considered the most im- 
perfect, as many of the qualities ol the liquid drunk may often 
be detected in it; and it seems as ii‘ the liquid had passed 
through the body without being much modified iu its course. 
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fibsne it is kno'W^ produce this secrettion nxore abund- 

antly tlian others, such ore infusions of bi-oom-topa, of junipeiv- 
berries^ or of iiikx-Beed. Urine of the chyle is that ivhich is 
raided a short time after a meal is digested. It diffezs;, 
notably, from the other in quantity, density, colour, aiid*t>dour. 
Its quantity is less, its density greater, beoau^ As solid con- 
tents are increased, its colour deeper, and ixs odour more 
peculiar, and less referrible to the matters taken in. The urine 
of the blood, however, is that in which all its characters are 
more perfect. This is the urine passed in the morning, aftw 
sleep, during which the s^^stem, left to itself, and undisturbed 
by external influences, has full time to throw out, by tlio 
kidneys, all such matters as it rc<j[nircs to get rid of, and wliich 
are thus found, in their due proportion, in the secretion. It is 
this that chemists prefer to analyze. It consists of water, a 
great number of salts from whicli it frees the blood, a peculiar 
matter termed ureay an acid called uriCy or lithiCy which causes 
it to redden vegetable blues, and mucus, together with some 
other anunal matters. * 

M. de BlainvIUe says, that urine passed from the kidney of 
a living aniuuil is much tliickcr and more viscid tlmn when it 
is discharged from the bladder. He concludes, therefore, that 
the salts, the animal matter, &c., are separated from the blood, 
in a concentrated fonn, by the kidneys, and that the chief part 
of tlic water is added by exlialation from the lining membraxie 
of the ])laddcr*. This lining membrane is nothing more tlian 
the skin turned in through the urinary passage, modified 
exactly as the skiu is when it becomes the lining membrane of 
the mouth, furniShed with mucous glands, exuding a secretion 
by which it is continually moistened, and applied over the 
whole internal surface. Tiie watery exhalation which takes 
place from this, is exactly analogous to perspiration from the ex- 
ternal skin, and as one of these increases, so the other diminishes. 

Compare this vital phenomenon with the physical fact. If a hoff, made 
ivith any organic menibrunc, vegetable or animal, be partly filloU with soma 
thick HuhI, uTid the whole inimerM^ into n vessel containing 0. thinner fluid, the 
latter will pass across the membrane to mix with tho former.] 
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A horse at ree^ in his stable passes imne abounding in wat^; 
Isntit take the same horse, fatigue him in the course, excite 
vioJant transpiration from the }x>res of the skin, and then his 
urine will be thick and viscid, often to such a degree as to 
prodilOo difficulty in passing it. On the other hand, in the 
disease temfed diabetes, in which the patient will sometimes 
pass thirty or forty pints of urine in twenty-four hours, the 
skin is dry and hard, and the most powerful sudorlhcs fail to 
produce any moisture on it. The secretion is increased by cold 
and damp air, preventing transpiration from the skin ; and 
diminished by hot and dry aii’, by abundant fluid discharges 
from the bowels, and by dropsy, in which the water seems all 
directed in a wrong course, and which is often cured by 
increasing tlie flow from the kidneys. The constant state of 
action in which the cutaneous exlialants arc kept in warm 
countries, accounts for the frequency of skin diseases, such as 
leprosy, yaws, ring- worm, in these situations: while the urinary 
organs beings over-worked in damp, cold climates, shows why 
tliey are more frequently affected amongst us. 

If the urine be carefully examined witli a good magnifier, 
W'e shall see cxtromely small shining crystals floating tlii*oug}i 
it. These are crystals of uric acid, held in solution, while the 
urine is in the body, by the quantity of warm fluid in which 
they are immei-sed ; but should anything tend to cool that fluid, 
such as a foreign body getting into the bladder, or should they 
be secreted in too great quantity to remain dissolved, they are 
precipitated in a solid form, and, according as they unite in 
small grains or in one large mass, give rise to gravel or stone, 
perhaps amongst the most jiainful diseases tlxat flesh is heir to. 
These concretions are ai other times formed from the salts 
which we said were contahied in the mine, and diet seems to 
have no little influence in determining to which of these classes 
the atone shall belong. Abundant animal food, rich soups, and 
indulgence in wine, tend to the formation of uric acid, and this 
is genei-ally the gravel that accompanies gout ; while the 
alkaline concretions occur more frequently in children, in 
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weakly persons, and such as live much upon vegetables*. 
Now, as the dispositions induced by these means are directiy 
opposed to each other, and a stone formed under one of them 
would be, if not very large and firm, actually dissolved by the 
urine secreted under the other, it is evidently of the highest 
importance that the diet of persons labouring undet this disease 
should be particularly attended to. Medicines are used with 
the same intention, and if resorted to at the commencement, 
may succeed in dissolving the newly-formed calculi; at a late^r 
period, however, these are not so easily acted on, and an 
operation becomes necessary for their removal. It was at one 
time thought that the injection of certain solvent fluids directly 
into the bladder might suffice in all cases to destroy tlie stone ; 
but it was found, that when of sufficient strength to do this, 
they were also of sufficient strength to act most injuriously on 
the delicate lining membrane of the bladder, and so induce a 
most dangerous inflammtation. 

Certain substances have peculiar effects on the^irine. Khu- 
barb gives it a peculiar tinge; asparagus, as every body knows, 
a peculiar fetid odour ; and turpentine, a smell like violets. 

The urine seems to be converted into a means of defence for 
certain animals, by being endued with a peculiarly offensive 
smell. This is most remarkable in the fox, the pole-cat, and 
the mouffettef, an animal allied to the same family. Birds 

* Dr. AV'ollaston, who has made very interc^iting refloarches respecting the 
influence of dlffurcut kinds of food on the composition of the urine in birds, found 
that in a chicken, fed solely on herbs, the uric acid was but n very small fraction 
in a hundred parts ; it was rather more in a chicken allowed to feed at large in a 
farm-yard ; in a pheasant fed on barley, it amounted to fourteen per cent. ; 
almost fonuod the entire urine in a hawk fed on flesh ; and altogether in a brown 
gull fed on fish. 

t The American skunk seems of all animals the best provided in this respect. 
It will not run from a man ; and indeed exhibits no sign of fear at the sight of 
any animal, Inuvover powj>rful. If it jicrceives itself about to bo attaelced, it 
curves its back, raises its hairy tail in a vertical position, and then ejocts, with 
oonsiderable force, its urine, which is mixed with such an insupportably fetid 
liquor, produced by certain glands for the purpose, tliut neither man, dog, nor 
any animal, however fierce, will venture to touch it. Washing, scouring, or 
baking, have been tried in vain, to eradicate ttho smell from clothes once Infected. 
Major C. Hamilton Smith, who liad often seen the animal, ififorms us, in Grif- 
flth's edition of Cuvier, that the owner of the Now York Museum had a suit of 
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have no bladder^ but the lower part of their intestine ends in 
a bag, called clboea, which serves not only to receive the fscei!^ 
blit also the ntine from the kidneys, and the eggs from the 
ovaries. It thus answers the purpose of recimhy bladdery and 
frterwtf^or womb. They have, therefore, no distinct passage for 
evacuating the urine. It is voided along with the feces, and 
is that dull white matter which we observe always forming 
part of them. It is very little fluid, which M. de Blainvillo 
attributes to its not having been in a bladder ; and he mentions 
this fact as a proof of his theory, that the urine is indebted to 
the bladder for its watery parts. It is composed in great part 
of uric acid, and hardens quickly on exposure to air. In ser- 
pents and lizards, tlie urine is still more solid, and hardens 
almost into a stony mass. Frogs again present us ivith a 
bladder, and consequently their urine again becomes liquid. 
The cuttle fish has a iwucli opening near the vent, which, from 
itvS situation, is by some considered as a urinary- bladder. It 
contains a (^umtlty of deep black fluid, said to be the colouring 
prmci[»lc of Indian ink ; and this it discharges, Avhen pursued, 
so as to darken the water around it, and thus favour its escape. 
This use of it, as a inejms of defence, certainly bears an analogy 
to what we mentioned above respecting the Ibx and the pole-cat. 
If this reasoning be admitted, w^e must consider as urine the 
beautii’iil purple liquor afforded by the murex, and used amongst 
the Romans to dye tlicir richest robes. Tin's licjuor is, wlieji in 
the animal, of a yellowish-wdiite colour, and only obtains its 
regal tint when exposed to the action of light. 

It is scarcely nccessaay to describe the shape or colour of 
the kidneys. Every one has seen a sheep’s kidney, and the 
human kidney much resomldes it, except that it Ls longer, and, 
perhaps, flatter. These are what are called symmetrical organs, 
that is, there are two of them similarly situated, one on each 
side. The other organs of which wc have spoken are not sym- 

clothes completely ruined by a few drops; “ after washing they were hung upon 
the roof of his house, full hfty feet high, and yet could be very distinctly smelt 
some distann off in the streets, or the square near the house.” 
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mdnc&L TliuB the liver is placed all to one side of the body, 
the spleen to the other, and so on. The kidneys, kk, are 
placed in the loins, one on either ude of the back-hone, vy, 
towards which their notched side is turned. Into this the 
blood is conveyed by nn, the rmal* arteries, and it is from this 
blood that the materials for the urine are derived. • The blood 
tliat remains is returned by means of the veins, while the urine 
passes along two canals, u it, cfdled ureters^ into the bladder x. 



Kidneys, Uretors, and Bladder. 


Tlio kidneys are generally enveloped by a quantity of loose 
cellular membrane, in which abundant depositions of fat take 
place. Their internal arrangement is curious. If we make a 
horizontid section of one, we shall observe that it seems com- 
posed of a niunber of lobes joined together within a general 
envelope. Each of these lobes is composed, externally, of what 
is termed the cortical part. The arteries all direct themselves 
towards this, and when arrived at it, subdivide until their 


* From the Latin ren, a kidney. 
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branches become extremely minute. In these minute branches 
the urine is secreted ; and inside this cortical part we perceive 
what is termed the tvtJMar part, composed of a number of 
minpte ducts conveying towards a central point the liquid 
which has thus been secreted. The ducts gradually unite, and 
terminate im a little process like a nipple. The number of 


Tlie artory of the kidney. 

c The cortical part in which the urine is 
secreted. 

T Tlio tubular part, through which it is 
conveyed into 

p Tho pcMs, whence it descends through 
the ureter, into tho bladder 

Section of Lobe of a Kidney. 



these in each kidney varies from twelve to eighteen. They 
discharge the urine through little funnel-shaped ducts, termed 
calyces or infundtbulay into a membranous bag, called 2^lvis^ 
situated in the notch of the kidney, and with which the nreier^ 
or canal to the bladder, is directly continuous. Concretions 
sometimes are found in this pelvis, forming the disease called 
stone in the kidney: or becoming detached, and attempting to 
pass down the ureter, they will stick on the wa^^, giving rise 
to most distressing symptoms. In such cases, recourse is gene- 
rally ha<l to narcotics for allaying the pain, and to warm Ixitlis, 
fomentations, and sucli other means as may induce the parts to 
relax and so suffer the stone to pass. The ureters terminate in 
the bladder, towards its neck ; the urine is constantly passing 
down in drops as it is secreted, and its return into the lower 
part of the ureters is prevented by their opening obliqjiely 
through the coats of the bladder, which thus act as a valve. 
These coats are very similar to the coats of the stomach, but 
the external or serous coat only covers the upper and hack part 
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of the bladder. Tliis is of the greatoft moment to the surgeon, 
as it enables him to perform operations on this organ, with 
much less danger than if he had to cut into a serms sac. The 
muscular coat of the bladder is composed of a number of strong 
fibres, the general direction of whiqli is longitudinal. Some 
speak of their forming a sphincter^ to close the neck <5f the 
bladder. We have not seen anything sufficiently distinjot to 
deserve the name, nor does such a provision appear necessary, 
the parts around being of such a full, plump nature, as easily 
to yield when a liquid was forced through them, but as readllj' 
fall together again when the liquid no longer flowed. The 
muscular fibres are excited by tlie full state of the bladder^ 
They contract, and its contents are dischaigcd through the 
urethra. This passage differs in length in the different sexes. 
Its lining membrane, continued on, becomes the thiid, or 
internal coat of the bladder. It is constantly bedewed with a 
mucous secretion, that serves to defend it fix)m the action of 
the urine. It is to the exhalation, also, from this,1that, accord- 
ing to De Blainville, the urine is indebted for much of its 
watery particles. 

Having now traced both the solid and liquid excrements to 
their final expulsion from tlie body, let us return to see what 
becomes of the nutritive part of the food. 


ClIArXER VJ. 

OF ABSORPTION. 

Not only is there a constant addition of new particles to the 
system, supplied by the food, and conveyed by certain ducts, 
but tliere is, corresponding to this, a constant removal bf old 
particles, which, having done their duty, require to be taken 
away, and their place occupied by others. Both these offices 
are performed by a system of vessels, which we^ have now to 
consider, termed Absorbents ; and they are distinguished into 

L 
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lebcieals and according as tliey are generally employed 

in the former or tlie latter function. 

It will be remembered we, left the food just when it had 
been divided into its nutritive and excrementitious portions# 
and fracing the course of the latter, liad reserved the former 
lor future consideration. To this we must now direct our 
attention. 

Asellius, in 1622, being engaged in dissecting a dog, which 
he had opened soon after it had fed, observed a series of vessels, 
which were neither arteries nor veins, but filled with a white 
milky fluid, running along that fine transparent membrane, 
called mesentay, which, as we liave said, hinds the intestines 
to the back-bone. Delighted with his discovery, he denomi- 
nated these newly-found vessels lacteals {lo/c^ milk), and, in 
order to trace their connexions and uses, he opened another dog 
the next day, but, to his great disappointment, could not 
observe tlio smallest white vessel. Ho began to consider what 
could be the cause of this, and then remembered that the last 
dog had been opened after a whole night’s fasting, while the 
first had previously had a good meal. He therefore fed a third 
dog abundantly, and having opened him, found “ everything 
more manifest and brilliant than in the first case.” The vessels 
therefore were themselves transparent; tliey owed tlieir white- 
ness to the chyle contained in them, and presented at once the 
course by wdiich this w’as conveyed from the stomach towtirds 
the circulation. As tliis was a matter very much clis])utcd at 
the time, Asellius gave his whole attention to file subject; he 
made numerous dissections of living animals, in all of whicli 
he was able clearly to point out his new vessels, ^J^heir origin 
from the intestines was imaouhted, from tlieir containing the 
chyU; but lie did not su.ccced in making out their termination. 
This he supposed to he at the liver, w hich w'as then looked on 
as the organ in which the formation of blood out of chyle was 
perfected. 

In 1649, however, Pecquet, a French physician, being 
engaged in cutting out the heart of a dog, noticed a quantity 
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Gf white creamy fluid, pouring out iroiuotie oC the large Teine 
which he had severed just where it joiu^ the heart. Stmdc 
with the oddity of seeing a white fluid in the blood, he thought 
at first that he must have opened into some abcess, and that 
this was pm which it contfdned* Bui, after some examina- 
tion, Mling to And one, he eomzaeimd pressing the parte 
about, to see whence it might come; and on pressing the 
mesentery, tlie lacteaU of which hi^pei^ to he full of ch^Uy 
a large quantity of it was at discharged from the vein. 
This set him on looking for the mode of communication, and 
he soon found that the lacieaUy in place of running to the liver, 
discharged themselves into a slender duct, which he named 
thoracic* y and which, ascending close to the hack-bone, con- 
veyed their contents into the left subelaman vein, just before 
it opened into the heart. Observations un this class of vessels 
became rapidly multiplied. They were found arising in 
greatest number from the small intestines, and at bist their 
little mouths were discovered opening on the attract- 

ing to themselves the chyle by a peculiar vital power of selec- 
tion. Their extreme minuteness, also, qualifying them to act 
as capillaries, may favour the ascent of tlie liquid. Before 
joining the thoracic duct, they pass through a number of pan- 
glitty or Arm reddish masses, placed generally at the \tnion of a 
great number of vessels. In these glands it is supposed some 
further change takes place, by which the chyle is more animal- 
ized and more fitted for becoming part of the l)lood. The 
number of these glands in the mesentery is about a hundred, 
"We represent some, and the course of the lacteals through them. 

The little vessels are furnished with valves, formed by folds 
of their internal membrane, and arranged in pairs, with their 
convex side turned towards the intestines, so that any fluid can 
pass upwards to the thoracic duct, but nothing can return, as 
the valves would prevent it. These valves are anotlier means 
by which the chyle is caused to advance towards the blood ; 

^ Bcciiiise the principal part of it ia found in the fiack of the thorax, or chest. 
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for, if we suppose the lacteals, loaded’with ch^U^ to be pressed, 
as they would be, by the action of any of the neighbouring 
mui'cles, it is clear their contents cannot remain stationary, as 
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tliis would be contrary to the laws of fluids under pressure, 
neither can they go backwards, the valves preventing this, 
therefore they must go forwards, that is, towards the thoracic 
duct. This duct itself opens into the vein by a valve, which, 
while it permits the discharge of the ch^le^ prevents any1)lood 
entering; and it is this structure that so long ]^epf us in igno- 
rance of this set of vessels, as, without it, the injections which 
were constantly thrown into the arteries and veins by old ana- 
tomists would readily have entered and fllled these also. 

In tlie engraving, the heart and lungs, diaphragm, liver> 
spleen, stomach, &c., are all supposed to be removed. Nothing 
remains but a fold of intestine, c c, attached to the back-bone 
by the mesentery, m, the white lines on which represent 
teals aiising from the intestine, and after passing through some 
of the glands, g g directing themselves towards the back- 
bone, where, by their union, they form a a, the thoracic duct. 

This may be traced up along the back-bone until arrived at 
the top of the chest, where it bends down and discharges its 
contents into v, the svJbclaman vein, just j\"here this latter 
unites with x, the carotid, to form s, the superior vena cava^ 
which we know passes directly into the heart. Numerous 
h/mphatics, h h, may be observed running from each side to join 
the thoracic duct in its ascent. The dark shades behind them 
indicate the ribs. 

If we now understand the nature of the lacteals^ we shall 
have little difficulty in extending our views, and comprehend- 
ing that vessels exactly similar in nature and structure are to 
be found in all parts of the body, but as there is no chgle for 
them to carry, they are loaded with a clear, transparent watery 
fluid, which has gained them the name of lymphatics {lympha^ 
water). This transparency both of themselves and their con- 
tents, caused the discovery of them to be delayed for some 
years after the lacteals were known, Rudbcck seems entitled 
to the honour, though JolifFe and Bartholin have their several 
supporters. Since their time, some of our countrymen have 
been amongst the most distinguished investigators of the 
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absorbent system. We may mention Dr. William Htmter^ 
Monro Secundus, Cruikshank, and Hewson. 

The lymphatics have their origin by open months on all the 
snrfeces of the body. Thus they commence at the pores of 
the sKin, on the internal surface of the bladder, in the cavity 
of the abdofhen, &c. They arc generally arranged in two 
principal series, the one just beneath the skin, the other deep 
among the organs of the body. They almost all tend towards 
the thoracic duct, where their fluid is mixed with the chyle, 
and conveyed along with it into the subclavian vein. Mr. 
Bracy Clarke, however, has noticed the important fact, that 
soi|ie of them discharge themselves into the veins nearest them 
without passing by this longer route. As the lacteals passed 
through glands, so also do the lymphatics and some of these can 
frequently he seen fonning a knotty chain along the iifscks ot 
children affected with scrofidous diseases. As they advance, 
the lymphatics unite to foini larger trunks, but not with the 
same regularity as the veins, for sometimes after uniting, we 
see them again divide. Finiilly, however, they are reduced to 
three or four great trunks, which run to the thoracic duct. 
This duct is a vessel of considerable size, and arises from the 
union of the l^miphatic tnmks of the lower extremitifs with 
those of the abdomen. At the j)lace of junction there is gene- 
rally observed a dilatation like the bulb of a thennometer-tnbe, 
and this lias got the name of recejytaculum chylL Tliis is more 
distinct in the dog and the turtle than in man. The duct is 
sometimes double, or divided into many brandies, to which 
attention should be paid in making experiments, as persons 
tying one branch have occasionally proceeded to argue as if, by 
that, they had totally prevented the chyle from entering the 
blood. 

It w as the opinion of the old anatomists, tliat absorption 
took place by the veins, but the discovery of this system of 
vessels operated a material change. The lacteals evidently 
took up the chyle from the intestines ; from analogy it was 
concluded then that the lymphatics took up their contents 
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from the several surfaces on which they opened. Thus mer- 
cury rubbed on the skin will produce salivation ; other medi- 
cinal substances, narcotic or purgative, may be made to produce 
their appropriate effects in the same way. Through what 
channel could they reach the system, if not through the 
lymphatics? In consequence, the name of cihsorhdtts was given 
to these vessels as indicative of theii* action. The old doctrine, 
however, was not altogether resigned, and many believed, that 
though the lymphatics did absorb, yet they were very much 
assisted in their function hy the veins. And this is nearly the 
opinibn held at the present day. For a time the veins were 
completely excluded from all co-oporation. John Hunter 
filled portions of the small intestines with milk, which he con- 
fined so as to produce a degree of distension of the part; the 
milk was quickly observed to distend the lacteals, but no trace 
of it could be found in the veins. Similar experiments were 
made on other parts. He poured a solution coloured with 
indigo into the peritoneum, and saw the lymphatics fill them- 
selves witli it; so that the question v'as considered as finally 
set at rest. But M. Magciidie has rendered the old opinion 
ogain probable, and sliowii it to he likely that the veins do 
absorb. In an experunent made along witli M. DelUle, he 
divided all the parts of a dog’s log except the artery that 
earned the blood to it, and the vein l)y which it was returned* 
He then inserted into tlie paw a quantity of upas poison; in 
four minutes its effects were visible on the imimal, and in ten 
minutes it proved fatal. In this case it was supposed that no 
communication could exist between the paw^ and the body of 
the animal, except through the vein ; and therefore, that here 
the vein must he admitted to have been the absorbing organ. 
But as it was suggested to him that lymphatics generally 
accompanied the course of veins, and that it might be said 
some small ones had crept up along the coats of the vessels 
which he left undivided, he determined to make his experi- 
ment totally unexceptionable. With this view he made the 
preliminary steps as before, and having introduced two smjJl 
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tubes into the vessels, he completely divided them, so that the 
only connexion now remaining was the current of blood passing 
through those tubes. The poison, however, produced the 
same effect as before. This seems decisive, yet there are still 
sources of error. If he inserted the poison, as would appear 
possible firoM his account, into a wound made in the paw, it is 
clear that he might then have been introducing it into the 
blood through the open extremity of a vessel, but this would 
not be the vein, in its natural condition, absorbing. It is also 
possible that some lymphatics might have existed in the paw^ 
which, in place of running towards any trunk leading to the 
thoracic duct, discharged themselves into the nearest vein, 
and that thus the vein merely conveyed the blood, while the 
l3nnphatie absorbed it. Mr. Abemethy traced lymphatics to 
veins. Those who feel interested in pursuing this argument 
further, will find good accounts of the experiments made on 
each side, with remarks on the sources of inaccuracy to which 
they were liable, in Bostock’s Physiology ^ or Elliotson’s edition 
of Blumenbach’s Physiology, a work of all others the most 
likely to interest and instruct the medical student. 

To us it appears clear that the lymphatics do absorb, 
whether they are assisted by tlie veins or not; and as the 
lactcals continually carry into the circulation new particles, 
which, being deposited in different parts, serve for the nourish- 
ment of the organs; so the lymphatics constantly take up 
from all parts of the body those particles, which, having per- 
formed their duty, are now superfluous, and convey them also 
to the circulating current, where, by a new process, they are 
fitted to undergo new combinations, or else are expelled from 
the system by means of tlie secretor}’' organs. That this 
change is really going forward we have the clearest proof from 
Du Hamel’s experiments on hone. He fed a pig with madder 
for a few days, and found its bones deeply tinged of a pink 
colour. Confining it then to a different food, the pink colour 
went off. On examination it was found that the pink colour 
adhered to tlie earthy part of the hone, and consequently that 
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this, the hardest material iii the body, was deposited and ab- 
sorbed within a very short time. Now the deposition is made 
from the minute branches of arteries, the absorption by the 
lymphatics. The two processes are going on together, and ki 
due proportion to each other. Should cither preponderate, 
disease is the result. Thus, should the fluid that constantly 
moistens the serous sacs be exhaled faster than absorbed, a 
collection of it takes pLice, constituting dropsy. On the other 
hand, should the absorbents at any particular part of the sur- 
feoe take away faster than the arteries lay down, a breach of 
continuity is the consequence, and an ulcer is formed. Advan- 
tage of tliis is taken in treating certain tumours, from which 
a firm and equable pressure cuts off* or diminishes the supply of 
arterial blood necessary to their growth, while the absorbents 
continue to remove. The tumours are thus rapidly diminished, 
and disappear. This end is accelerated by the use of bleeding, 
low diet, and other means calculated to diminish the power 
with w hich the blood is sent towards the diseased part. Ab- 
sorption is also of so much use in determining the figure of the 
body, that John Hunter used to call it the modelling pro- 
cess,*' When a bone is broken, and the edges placed together, 
they are found, after a time, united by a hard irregular bony 
moss, forming a protuberance, like a wen, around the regular 
bone. The more distant the period at w'hich we examine it, 
the less we find this protuberance, until at last it is completely 
moved, and the whole bone restored to its original shape. 

How far matters con be abs(^rbed from the skin has given 
rise to some controversy. We before mentioned that certain 
medicinal substances proved efficacious wlien applied to it, but 
as, in tliese cases, friction is alw^ays used, it is doubtful how 
fiir tliia might have tended to lay bare tlie extremities of the 
vessels, and even have forced some of the matters into them. 
It was asserted that the simple immersion of the body in water 
gave an addition of weight, in consequence of some of the fluid 
being absorbed. This was denied by Seguin, who maintained 
that while the skin remained entire no absorption could take 
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from the surface ; and he ingeniously attempted proving his 
opinion by immersing the body in baths holding in solution 
certain salts, which if taken into the system, would manifest 
themselves by their peculiar effects. For instance, he used 
solntiohs of corrosive sublimate, which, if absorbed, would pro« 
duce salivation. This he never found to occur. 

Dr. Currie accurately weighed a person before and after 
immersion in a warm bath, without detecting anj^ difference ; 
he therefore concluded there liacl been no absorption. Dr* 
Bardsley made the same experiment, with the same result, but 
drew a directly opposite conclusion ; for, said he, as under such 
circumstances the exlialation from the lungs must be much 
increased, the absorption from the surface must evidently be 
great to counterbalance it, else there would be a loss of weight. 
Dr. Edwards has embraced the same side, and, by the accuracy 
of his experiments, seems to have dt eided the question. He 
experimented on a lizard, previously reduced by exposure to 
air, wl)ich had caused a gi*eat loss of its fluids by transpiration. 
He tlien placed it in water, so as to immerse only the tail, 
hind legs, and hinder pfirt of the body. It was afterwards 
weighed at distant intervals, and found gradually to have 
increased in weight, until it liad regained its original si/e and 
plumpness. This absorption was not mere imbibition, liimted 
to the surface ; the water penetrated deeper, and was distri- 
buted through the system*. 

^ fl. M. Dutrochet put some albumen, or white oi egg, into a wide gbiss tube, 
rend carefully poured water upon it from above ; but the line of demarcation 
between tlic two fluids remained distinct ; tlurcfore, albumen no affinity for 
water. M. 3 >utTOelic*t, hoyvayer, separatat the same Jtuult, bjt a mnnhrarn\ axiH 
the water passed across it, and spmlily mixed with the albumen, 2. M. Du- 
trochet took the blind-gut of a elnekcn, filled it half-full with 19G grains of 
milk, and having carefully tied up lU open extremity, immersed the whole in 
water. At the emd of thirty-!=ix hours the bag was quite swollen, 117 grains of 
water having been imbibed. Prom this period a grailual chmtnutifyn of weight 
took place; in thiity-six hours fifty-four grains of watery fluid had passed out of 
the littlo bag, and the milky fluid which remained had bocom© putrid. So long 
as th« fluid within was denser than that without, alisorption or imbibition con- 
tinued; but no sooner had decomposition mndered a portion of the milk thinner 
and naore limpid than tbo water itself, than that portion was rwnred out into the 
suiTOundfng medium. There is a largo class of experimental facts nmiin-r to 
the above, m all of which a more limpid fluid will pass across any organic mem- 
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There are one or two other facts which tend the same 
way. In diabetes^ the weight of urine passed in twenty-four 
hours, sometimes exceeds the weight of food and drink taken, 
by more than the loss of weight in the body during the same 
time. Whence, then, can the surplus be derived, but from 
absorption ? The practical application of the doctrine is often 
witnessed at Newmarket, where a jockey who is anxious to 
keep himself below a cci-tain weight, to which he very nearly 
approaclies, will, on the morning of the race, much more 
i*eadily eat a hearty meal than venture on a glass of spirits, 
the stimulus given by wdiicli to the action of his absorbents 
would, he well knows, particularly if the air be damp, soon 
put him beyond his appointed bounds. 

We have now traced the food through its various stages* 
We have seen it die wed and mixed with saliva in the mouth; 
swallowed by the muscular action of the pharynx and gullet; 
mixed with a solvent juice in the stomach, and gentlyacted 
on by its vermicular motiou, until converted ihto a pulpy 
grayish matter, termed chyme; passed from^that into the dm^ 
denum, where, by the action of the bile and pancreatic juice, it 
was separated into chyle and excrement ; we observed the latter 
as, urged on by the peristaltic motion of the small intestines, 
it proceeded, gradually losing its fluid pailiclcs, and becoming 
more consistent as it approached the rectum, from which it 
was discharged ; returning, then, we saw the chyle taken up 
by the numerous mouths of the lactealsy opening at the sum- 
mits of the villi of the small intestines ; from these it passed 
into the mesenteric glands, the office of which is not well 

hrone to roix with ono that is less so. 3. M. Poiseuille endeavoured to 
duoe water into glass tub^ of an extremely small calibre, but invariably failed. 
No sooner, however, hud he thickened the water with albumen, or grum* or 
gelatine, than the denser fluid readily traversed the some tubes, through which 
no artifioial power cx)uld force it in its pure and lim^d state. 

The first of these experiments teaches us that the tenuity of external media 
is one essential condition of their ab80]i>tion by organic memlnnnes; and the 
second that the some condition is necessary for the excretion of the some. The 
third experiment tells us that the viscidity of vital fluids, so far from clogging 
the extremely minute canals through which they pass, as our preconceived ideas 
had led ufl to suppose, is, indeed, ono essential condition of their oiroulation.] 
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understood; afterwards into the thoracic dnct, by which, 
finally, it was conveyed into the current of the blood. 

Our next inquiry, therefore, must be into the nature of the 
blood, the means by which it is supplied to all parts of the 
body, and the uses to wliich it is supplied. 


Chapter VII. 

THE BLOOD. 

If we take a firog alive, and place his foot under a good mag- 
lufier, taking care to spread out the toes, so that the light may 
traverse the fine web between tliem, we shall distinguish the 
blood flowing through the vessels by which the part is sup- 
plied. After the eye is a little accustomed to this novel and 
pleasing spectacle, in which we detect Nature, as it were, en- 
gaged in her secret works, we begin to observe that matters of 
different kinds seem to pass through the vessels. Towards 
their sides is a thin watery current, generally limpid and 
colourless, while in their centre, apparently borne forward by 
this current, is a column, more or less dense, and formed of 
jelly-like globules, irregularly collected together. Should any 
impediment to tlieir onward passage occur, they become col- 
lected in numbers at tlie place of tlie obstacle, the vessel is 
distended, this distension causes pain, tlieir numbers produce 
increased redness, the effort to get them forward calls forth 
increased action of the arteries, giving n feci of throbbing, 
more blood is sent to tlie place, more heat given out, and the 
whole part swells. Such a condition of the part is called In- 
flammation. From this inspection we have learned that the 
blood consists of tw^o very different parts, the watery fluid, 
and the globules, or little round balls of jelly-like matter that 
swim in it. As long as the blood continues in circulation 
these two parts continue mixed, so perfectly, as to present the 
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appearance of a simple fluid, generally red, but vaiying in its 
shade in diflereut animals, and also in different parts of the 
smne animal. But when withdrawn from the circulation, and 
allowed to stand, it soon affords a proof that our microscopes 
did not deceive us, by separating into two portions, — ^thS fluid, 
termed serum, and tlic solid, formed by the co'&gulation or 
running together of all the globules, to which the name of 
crassamentum or clot is given. The redness we find all en- 
tangled in this latter, leaving the scrum free, and nearly 
colourless. 

So far we have an analysis made for us by nature; we are 
now obliged to call in the aid of ai*t. 

The clot floats in the serum, so that we can take it out ; 
and ]jy letting it drain, have it almost (juite distinct and sepa- 
rate. In this state it appears a red spongy mass, the colour 
and consistency being generally best marked towards the 
bottom. If we now expose it to a stream of water, we shall 
soon see the colour washed away, and nothing Icfr but a white 
jelly-like mass, to whicli the name of fihum is given. It, is 
evident, then, that the globules of blood consist of two ports, 
to the one of which it owes its consistency, to the other its 
colour. We may separate them in another way, wliich Ruysch 
fii-st taught us. Ho used to stir, with a small bundle of twigs, 
the blood wliile congealing: the pure and colourless JUfrin col- 
lected oil the twigs, while the colouring matter remained 
behind, mixed up with the serum. It was from the fibrous, 
sti’ingy appearance assumed by the coagulated part in this 
experiment that it obtained the name of fibrin; the colouring 
matter has since been named by the French haematosine (from 
alfia, blood). The next point was to consider how the little 
globules we liave mentioned came to fonn fibres or strings. 
This has involved so much microscopic investigation and dis- 
cussion, that we almost fear to enter on the question, particu- 
larly as we consider such investigations to be peculiarly liable 
to error. The idea most ordinarily followed, tmd which is 
supported by Sir Everard Home, M. Bauer, MM. Pxevost and 
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Dumas, and othcdi^ is, that the globule m formed of a oentral 
part, which is Ihe true /Mn or tlfurroimded by an enre- 
lope of oolouiiog matter. Globules, similar to the central part, 
are to be found in the chyle. This also contains serum, there- 
fore nothing is wanting to form it into blood but the colouring 
matter, which it is supposed is given by the lungs. According 
to others, the colouring matter forms distinct globules, and, in 
addition to botli these, M. Bauer has discovered a third kind 
of globule, formed altogether of lymph. This is the most 
important part of the blood. From its plasticity it seems 
eminently adapted for closing up bleeding \ essels, uniting ports 
that have been separated, and repaiiiug such as have been 
injured or destroyed. In consequence of its general utility, 
we find it generally diffused. Globules are found, and coagu- 
lation takes place ])ei*feetly in the blood ot the lobster and 
other white-blooded animals, in wliicli tlie colouring matter is 
totally deficient. Previous to coagulation a vapour is given oft 
by the freslily-drawn blood, which has a i ery peculiar smell, 
and is found to consist chiefly of water, holding in solution 
aome animal matter, wliich gives it a great tendency to ])utrety. 
When coagulation commences, the filyrin^ or (.(‘iitie parts of 
each globule, exert, according to Sir E, Home, a mutual attrac- 
tion. They burst from thiir colouied eTiveloj>e, and run 
together in an irregular manner, but so quick as to entangle 
the coloured en> ebq>es, which arc thus made parts ot the clot. 
The mode in which the globules ran together in M. Bauer’s 
microscope is thus represented by himself. 
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i ^ ^ Struck hy appeam^ of elongatiou produced some 
of these oollectioDS globudes^ and c^waate that the chemical 
oompontion of fibrin and muscular fibre was the same, Sit 
Everard Home induced M* SaUef to extend his inquiries to 
the formation of this latter. The difficulty of procdting a 
single fibre caused some delay, but at last one ivas procured 
fiom the thigh of a roast chicken, and on being submitted to 
the magnifier, presented exactly the 
tcished-for appearance of a number of 
globuleia, connected together in a right 
line. 

The whole theory was, therefore, 
clear. The blood was thrown out from 
the extreme vessels; the globules co- 
agulated and attmcted one another, so 
as to form fibres; and, that nothing 
might be wanting, MM, Prevost and 
Dumas passed an electric shock through 
fluid blood, by 'svhich its coagulation 
■was much hurried, and this sinking to- 
gether of the globules was declared 
analogous to the contraction of the 
muscle; while Dr, Wilson Philip seemed to wind up the 
demonstration, by showing that the nervous influence was 
similar to the electric fluid. But not content with discovering 
the mode of formation of a single fibre, Sir Everard went on to 
show how this same blood, when effused and coagulated, can 
become organized, intersected with blood-vessels, and capable 
of fonning a living ])ond of union between tivo parts of the body 
that had been separated by a cut or wound. We know the 
first effect of a cut is to cause an effusion of blood, which gene- 
rally continues until some of it coagulates in the wound, and 
thus stops up the ends of the bleeding vessels. If tlie wound 
be then covered up and kept quiet, it will rapidly heal ; if the 
opposite sides of it be not quite in contact, they will appear 
united through the medium of the lymph or f/brinof the effused 
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bloody and the whole will be covered over by a new skin. The 
^^phy on examination, appears intersected with blood-vessela; 
it is hteeforth ^^living solid, and partakes of the nutrition of 
the parts. How has this occurred? 

l^^making observations on the growth of certain plants, M. 
Bauer obser^^, that occasionally a little bubble appeared on 
the side of the young root, surrounded by a viscid slimy sub- 
stance; the bubble would then burst with force, so as to 
extend the slimy matter to the length required for a little 
fibril or rootlet ; the gas liad j^assed through the centre of it, 
so as to make a tubcj and the slimy matter instantly coagulated 
round this. It struck Sir E. Home that the vessels in tlie 
newly tlirown out lymph might be formed in the same way. 
This gas M. Bauer ascertained to be carbonic acid ; and Dr. 
Maude had shown that the same was given out by blood w’heji 
coagulating. Could it then be applied to the same use ? Sir 
Everard sot to w^irk. He punctured his arm w'ith a lancet, so 
as to drawn drop of blood, which was 2*eceived into a watch- 
glass in a fluid state, and placed in the field of the microscope. 
The eye was tlicn kept constantly fixed on it, to note the 
changes that might take place. The first thing that happened 
was the formation of a film on the binface,^that part beginning 
to coagulate sooner thamtlie rest. In about five niinutCKS some- 
thing was seen, to be distinguished in different parts of the 
coagiilum, beginning to show itself where the greatest number 
of globules was collected, and from thence passing in every 
direction, wdth considerable rapidity, through the serum, but 
not at all interfering with the globules themselves, which liad 
all discliarged their colouring matter. Wherever this extri- 
cated matter was can’ied, a net- work immediately formed 
thrqugh every part of the coagnlum. 

The annexed plate gives the exact representation of tlie 
appearance the drop of blood put on, when coagulated, as seen 
in the field of the microscope. 

All this net- work here represented was inade by the car- 
' bonic acid extricating itself during coagulation. It presents^ 
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therefoT9, so many ready- 
formed tubes, fit for the 
reception of any blood 
that might be poured out 
near them, and, therefore, 
prepared to carry on the 
circulation of this newly- 
organised j)art. 

We have gone thnmgli 
/these speculations of Sir 
E. Home, because they 
are ingenious and con- 
nected, and w’ill serve to 
give our readers an idea of the usual style of such investiga- 
tions. It is clear, however, without going into a fdmial refu- 
tation, that he has scarcely got beyond a hare probability. 
Almost every one of his facts have been denied or questioned 
by men eqmilly accurate, and equally aide. Dr.^oung, sup- 
ported by the late observations of Dr. Hodgkin and Mr. Lister, 
assures us that the glolmles are no globules at all, but little 
flat rounded cakes, with a depression in tlie centre. They also 
deny that they arc composed of a nucleus and envelope. This 
central depression, the Abbe Torre magnified into a pciforotion, 
and concluded that tlvcy were neither globules, nor flattened 
circular bodies, hut rings. He made his observations with 
little sphericles of glass, formed by dropping melted glass Into 
water, and it was the peculiar form of his instruments that led 
to the. error in his observations.* Many authors have conjec- 
tured that these globules alter in shape, narrowing themselves 
to enter tlic minute capillary vessels, and again resuming their 
rounded form when they reach the wider passages; while 
Haller and Spallanzani have not been able to distinguish any- 
thing but an uniform fluid in the capillaries, from which M. 
de Blainville draws the conclusion, that the globules terminate 
by being dissolved into a soft, viscid, plastic mass, before they 
are finally applied to the purposes of the formation of muscular 

M 
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fibres, or the repairing injured parts. This at once puts an end 
to the idea of muscular fibres being made up of globules, whidi 
idea is indeed equally refuted by the mi^oscopic observatioUB 
of Dr. Hodgkin and Mr. Lister. The size of the globules 
has iSeen a ]goint equally disputed, and they have been stated 
at almost every size &om the down to the To»5?jth part 

of an inch. Sir Everard Home made two obser^’^ations ; in the 
first the globule appeared jA^th part of an inch in diameter; 
in the second, i?i*5irth. Such a remarkable difference might 
appear sufficient cause for repeating or altering the observational, 
but Sir Everard took an easier way, and assuming sa’ftjyth the 
mean of his tuoo observations, made tliat the standard size for 
all the globules of the human blood. 

The size of the globules varies in different animals, but this 
variation bears no relation to the size of the animals. The 
shape also varies, as we are told they are elliptical in fishes, 
reptiles, and birds. Dr. Young found them of an almond shape, 
and extreirflly large in the skate ; lludulphi found them more 
or less oval in the common fowl, and many amphibia; Ilcwson 
found them larger in the feetus, than in the adult animal ; and, 
what was very singular, Prevost and Dumas found those of the 
chicken to he circular until about the sixth day, v ben some 
elliptic globules first appear, and in a few days more not a 
single ciicular one can be found 

The colouring 'matter of the hlood has been much studied, 
and is little understood. It lias been most usual to attribute 
it to certain salts of iron, which, dissolved m serum by the aid 
of an alkali, were said to produce the exact tint of the blood. 
Tills has been denied, and even the presence of iron in the 
blood d(jubted; but it jSeems fully established, by the experi- 
ments of Berzelius aiid Engcihart, that it does exist, and is 
connected, not with the fibrin or serum, hut with hmmatosine. 
They conclude, therefore, that though in very small quantities. 

The blood globules of mammals are considered to have the fonn of a circu- 
lar lens, with the exoeption of those of ruminunts, which M. Mundl states to bo 
elUpUoal.] 



THE BLOOX). 


not exceeding one-half per cent., it must be in some way con- 
nected with the colour of the blood, but in what way they 
could not decide. Dr. Stevens has sdnee suggested that the 
colouring matter is a peculiar animal principle, containing a 
laige proportion of carbon, to which we can only say, w5 think 
it very possible; perhaps in his future researches he would 
consider how far the bronchial glands, which we find constantly 
black with carbon, may contribute towards the formation of 
this principle. It is at any rate not an essential part of the 
blood, for many lower animals, such as insects, mollusca, and 
Crustacea, are very well nourished by a blood that has no 
colour. Parts also of the human body are supplied by vessels 
so small, that they convey nothing more tlian the phistic lymph 
of the blood, rejecting the coloured particles; sucli ore the 
serous membranes, and certain coats of the eye. It is only in 
cases of inflammation that these vessels become dilated, so as 
toAdmit red particles. Every one knows this to occur in a 
hlood-shot eye. • 

The serum is the remaining part of tlie blood after the 
fibrin and colouring matter are removed in a clot. It is a thin 
fluid like whey, with a slight yellowish or greenish tint, unc- 
tuous or slippery between the fingers, and containing a certain 
proportion of salts. When exposed to a heat of 150“ (P'ahren- 
heit), it soon becomes opaque in consequence of the albumen 
wliich it contains being coagulated. This albumen differs in 
little fironi the fympJi or fibrin^ except in being fluid. Their 
chemical constitution is almost the same, and tliey are applied 
to the same uses, the nourishing of the body. The albumen 
or white of egg, is in fact the earliest nutriment of the chick, 
and the sama principle is also found in tlie seeds of plants, 
affording the earliest materials for their growth before the root 
has established a connexion with the earth, or the leaves with 
the air. It may he discovered with a microscope in the serum, 
under the appearance of little unformed flakes; these Jiavo 
been observed to form slowly into colourless globides, and even 
have been found, towards the close of exhausting liiemoiThages, 

u 2 
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to coagulate spontaneously, and forming a clot at the mouth 
of the vessels, to terminate the bleeding. This interesting feet, 
first noticed by Dr. Macartney, fully confinns the view started 
by Berzelius, that albumen and fibrin are merely modifications 
of the same substance, less perfect in the former, more perfect 
in the latter. 

There is still another constituent in the blood, termed 
sei’osity. This is procured by pressing the albumen tliat ha^ 
coagulated, when a certain portion of a thin watery fluid, 
holding in solution animal matter and a little salts, exudes. It 
is well known under the name of gravy, and is seen to run out 
on cutting meat that has !)een dressed. We thus see that the 
blood in the higher orders of animals, is a very complicated 
principle, complicated in proportion to the number of different 
organs it has to maintain, and the different secretions for which 
it must supply matter. Its importance to the whole frame is 
well known ; it penetrates every tissue, affords tlicm the ma- 
terials neceSsary for their growth, and the stimulus that enables 
them to act. Without it the nerve could ncitlier feel nor 
convey tlie commands of the will. When, in sitting, we press 
on the nerves of the thigli, so as to impede tlie passage of the 
Idood into them, the leg and foot lose all sensation and motion, 
they become what is commonly termed asleep. When w c rise 
or shift our situation, so as to take off the pressure, the blood 
commences to flow again, and our first perception of its return, 
as our earliest perception of life, or the first sensation of a man 
recovering from drowning, is accompanied by pain. There is a 
disagreeable, unpleasant, pricking feci, commonly kuowm as 
*‘pins and needles,” wliich is produced by the blood re-entering 
the minute vessels. If this impediment to the flow of blood 
be continued, the part dies. On this principle surgeons act 
when they remove certain excrescences, by what is termed 
‘‘ligature.” They tie a string tightly round tlie neck of the 
excrescence, so as to strangle the vessels going into it from the 
body ; the excrescence, no longer supplied wdth blood, dies ; 
and as dead matter cannot attach to living, it sloughs^ and is 



THE BLOOD. 


IG5 

cast off. So true is it that “ the life of all flesh is the blood 
thereof.” The quantity of this fluid contained in the body of 
an adult has been very variously estimated. Allen makes it 
scarcely more than eight pints; Harvey, nine ; BorcUi, twenty ; 
Haller, thirty ; Riolan, forty ; Hamberger, eighty ; ISfeill, a 
hundred ! The former, Blumenhach says, are evMently much 
nearer the truth. It is evident, liowever, that any arbitrary 
statement of tlio quantity of a fluid,- which probably varies 
after every meal, must he incorrect, and merely allowed os an 
approximation. The fluids of the body are generally considered 
as forming five-sixths of its whole weight, and the solids only 
one-sixth ; perhaps, indeed, the proportion of fluids may be 
Mrly set down as still greater. Sir Josepli Banks had sent him 
a perfectly dry mummy of a Guanche, from the island of 
Teneriffe, whicli, tliougli perfect, and containing all the intes- 
tines, weighed but seven pounds and a half. The bodies of 
persons overwlielmed by the sands in the Arabian desert aro 
also occasionally found, which, from the parching .’laturo of the 
soil, have been dried up so suddenly as to allow no time foi 
putrefaction, and these are said to weigh generally ten to twelve 
pounds. When containing all their fluids, they probably did 
not fall short of a hundred or a hundred and twenty. Now all 
these fluids either Averc blood, were intended to be such, or had 
been such ; tliat is, existed ,in the state of cJiyky or matters 
taken in by tlie absorbents, and which were on their Avay to 
enter the circulating fluid ; or having entered it through tlie 
veins, and undergone the action of the heart and lungs, appeared 
as perfect blood in the arteries ; or, Anally^ being conveyed by 
those arteries to the several secretorj^ organs, had been separated 
in the fonn of secretions, such as the bile, urine, &c. But as 
we do not know the proportion Avhich the first and third of 
these classes hear to the second, Ave cannot from this deduce 
anything respecting the quantity of blood in the circulation. 
■l'’he usual estimate is from fifteen to tAventy pints ; Ave have no 
means of giving a more accurate valuation. 

Variation’s iu the quantity of the blood are productive of 
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many and seriotis diseases. When it is not formed in sufficient 
abundance^ as may arise from derangement of some part of the 
digestive oigans, vre see emaciation and debility come on; or 
the sudden withdrawal of a poi-tion of it, by the operation of 
bleedhfg, will cause fainting and temporary weakness. A 
superfluity of blood is equally dangerous. This is termed 
and most usually occurs at the period of life whe% 
the body being completely formed and knit, there is no further 
demand for the supplies which a powerful digestive system 
still continues to furnish in the same abundance as before. If 
these are not worked off by active exertion, or diminished by a 
moderate and temperate diet, the blood becomes too rich and 
copious, and Nature attempts often to relieve herself by difr- 
cliarging a portion of it. These discharges more commonly 
take place from the nose, or from the extremity of the intestinal 
canal, under the fonn of bleeding piles, and are most usual in 
persons of about forty or fift>', who use little exercise, and 
indulge freely in the pleasures of the table. Should the dis- 
charge, however, take place from the small vessels of the brain, 
the effused blood will press on the brain, and cause those pre- 
liminary apoplectic attacks that often occur about this period. 
The tendency to these is much increased by the use of stimu- 
lating liquors, by fits of passion, or by wearing tight neck- 
cloths, wliich, pressing on the jugular veins, prevent the free 
return of the blood from the head, while the arteries lying 
deeper, are not affected by the same pressure, and continue to 
supply the head in the usual quantity. 

Another mode in which the superfluous blood is got rid of^ 
is by being employed in tlie deposition of fat. It was the old 
idea, that fat was secreted by certmn glands destined for that 
purpose, but as no such glands can be discovered, it is now 
allowed that it is formed in the circulation, and deposited from 
the sides of the vessels, more particularly the veins. It exists 
in a great variety of forms, as oil, imuiow, fat, spermaceti, and 
suet, which all contain the same principles, and only differ in 

^ ; from to fill, to inundate. 
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solidity. These principles M. Chevreui, who has particularly 
investigated tliis subject, has tcnned ela’lne"^ andj^eanw^f; the 
predominance of tlie former renders the compound more fluid>:— 
of the latter, more solid. That it is deposited from the sides of 
vans, we can, in some measure, satisfy ourselves, by exanrining 
at any butcher’s stall, the caul of a lamb, whiclf is generally 
spread over it as an ornament. We observe the fat here 
not uniformly laid over tlie entire surface, but deposited in 
stripes, or ribands, taking different directions, meeting together, 
and again parting, so as sometimes to approacli the appearance 
of lacio. In the centre of each of these ribands we shall find a 
vein running, and the deposition first takes place round its cir- 
cumference, from which it gradmdJy spreads out. This depo- 
sition, also, is most abundant in those animals in whom the 
venous lilood hears a large proportion to the arterial, such as 
the whale-kind, where we alwa3’^8 find an immense quantity of 
blubl>er undemcatli the skin, and in the cachalot^ or spermaceti 
whale, a collection amounting sometimes to eighte^ai or twenty 
tons of the fluid fatty matter, from which it rierives its name^ 
and which occupies two large caverns on the upper surface of 
its head . In the high-flying birds, in whom, on the contrary, the 
arterial blood is more abundant, fat is rarely deposited. It in- 
creases in those wliicli nestle on or near the ground, and make 
less distant excursions; such are the partridge, the bam-door 
fowl, and man^’' small birds. In water-fowl the quantity of 
venous blood again predominates, as the darkness of their flesh 
w^ould indicate, and we well know' the quantity of rich, rancid 
flit, often found in their bodies. When to this natural dispo- 


* From g>w«iciv, oil; as remaining liquid at ordinary temperatures, 
t From CTsot^, suet ; wliieli, in such cirrumstaneea, is solid. Advantage has 
been taken of this to separate these two prinelples. If common oil he exposed to a 
low tempemture, its utearmc congeals, while theHaine remains liquid, and may he 
separated from it by pressing between folds of bibulous paper. In this pure form 
it is used in greasing tbe wheels of watches and other delicate machinery, which, 
wlion. oil was used entire, wore often clogged and stopped by the congelation 
of the stcarme, consequent on the first winter cold. This is one reason why 
watches are more liable to stop at night, when laid on a table, than during the 
day, when they are worn about the person. 
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siiion we snperadd a state of perfect rest, when we bind an un- 
fortunate goose in a hot close situation, debar it all motion, put 
out its eyes to prevent the entrance of any excitement from 
without, and then cram it with food, under these unnatural 
circuifistances the liver becomes diseased, it swells, a rich oily 
fat is deposiifed around and in its substance, and it forms that 
delicacy so highly esteemed by the gourmand, but which should 
be abhorred by every man of humane feeling, the far-famed 
foie gras de Strasbourg.” 

Fat is also formed abundantly in such animals as remain 
torpid during the cold weather. A little before the approach 
of winter they feed voraciously, and the fot collects in enormous 
quantities, chiefly about the intestines and mesentery, from 
which it is easily absorbed, and carried off for the nutriment of 
the system during the long sleep, when no sustenance can be 
supplied from without. That such is its use, is evident from 
the fact, that however fat and plump they may have retired to 
their dormitories, they always re-appear thin and emaciated. 
Persons employed in hunting the bear for the sake of his grease, 
know that this is always collected in most abundance towards 
the close of autumn. The fur, a more important object, is also 
in perfection at the same time, or perhaps a little later, wlien the 
autumnal moulting is over, and he is completely furnished with 
his new winter-coat. IrreguLar accumulations of fat in different 
parts of the body occur in several animals. Of this nature are 
the humps on the back of the camel and drijinedaiy, wliich, 
like the internal collections in animals that lie torpiti, become 
much diminished when no food has been taken for some time ; 
this would seem an additional provision to fit the camel for 
travei*sing “ the harrevi*^ as well as “ the dry land.” The hunch 
on the shoulder of the bison is nearly of the same description, 
'mixed with much gristly matter, and is esteemed by the 
American Indians a high dainty. A very savoury description 
of the mode in wdiich it is dressed, iilong with an aniiijated 
account of a bison-hunt, occurs iu one of Cooper’s tales ; and it 
is pleasant thus to find a fictitious scene based on the reality 
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of nature, — the colours of fancy adorning the ground-work ef 
observation. 

Tile Q^iniigfheep, it is well known, have tails of such enor- 
mous s^, as to require to be supported on little carriages, 
which Aey trail after them ; the Bosjesman women, inhtAiting 
nearl^he same country, have similar fatty depositions on their 
buy^ks, of which the person exhibited under the name of the 
Hwtentot Venus afforded a well-kuowm example. She died in 
Paris in 1815, and M. Cuvier, who had the opportunity of 
examining, reports that the enormous protuberance consisted 
altogether of an elastic tremulous fat. It is singular that the 
same is found in certain of the monkey-tribe, as for instance 
the mandrils, inhabiting Guinea ; and it would appear that in 
neither case does tliis collection commence until the femtde 
has become a mother, or at least arrived at the age of puberty. 
General obesit}" is more frequently mot with in the female 
than in the male sex. This may, in part, be attributed to 
their more sedentary habits, but must also be i:*fluenced by 
the greater quantity of cellular structure in their bodies, 
which we know to be the most usual place for its deposition. 
They^woiild appear, also, to liave a greater proportion of venous 
blood, and this, in sucli persons, is found loaded with a rich 
oily matter, that requires only to be poured from the sides of 
tho vessels to harden into fat. De Blainville, who has adopted 
tliis idea of the origin of fat, mentions a singular fact'ia sup- 
port of it. lie was engaged in dissecting an elephant that had 
died at the Jardin dcs I’lantes, The animal had been long 
domesticated, highly fed, and, in consequence, liad died of 
apoplexy. Ho was making some examination by the side of 
the jugular vein, which he chanced to cut slightly; return- 
ing the next da}^, he found that a certain quantity of Mood 
had flowed along the neck. But what struck him most was, 
that the liquid had deposited to the right and left along its 
whole course a quantity of fine, white, greasy-looking matter, 
which he analyzed with gi*eat care, and found to he perfectly- 
formed fat. This he looks on as conclusive, that fiit is not 
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fonned by gbmds^ but in the circulation, and exuded then 
from the sides of the vessels. 

Remarkable cases of corpulence have, from time to time 
been recorded, A man who was shown at the Pahiis Royal, 
weighed five hundred pounds, and was almost as brotwi as long. 
Mr, Bright, df Maldon, in Essex, died in the 30th year of his 
age, and had tlien arrived at the enormous weight of forty-four 
stone, or six hundred and sixteen pounds. He was five feet 
nine inches and a half high, measured round the chest, just 
under the arms, five feet six inches, and romid the belly six 
feet eleven inches. But the fattest person of whom w'e have 
authentic account was Daniel Lambert, of Leicestershire, who 
died at the age of forty, weighing seven hundred and thiriy- 
nine pounds. Such men are seldom of extreme sensibility; 
the extremities of the iierv’’es seem lost in the prodigious accu- 
mulation, itlieir acuteness of sensation is blunted, and the 
mental feelings generally exhibit similar obtusenesh. The dis- 
position is ♦ften easy mid contcTited, they liave none of the 
strongci- passions ; they arc not given to plotting or devising 
plans. Men of anxious mind and initablo temper seldom get 
fat. With what justice does Shakspeare make Ctesar say, 

Let me have men about me tluit are faU 
Sleek-headed men, and such as sleep o' nights, 

Yoiid’ Cassius hoa a lean and hungry look ; 
llo thinks too much ; such men are dangerous. 

The influence of rest in producing this deposition is curi- 
ously exemplified in in.sects, in many of whom we find an 
abundant quantity of fat, while in the state of larva, which 
disappears as soon as they have sprung from this dull, motion- 
less, living sepulchre to wing their way tii rough fields of 
air.” The use of malt liquoi is another cause, and every one 
knows the fattening cflect of grains given to cattle. 

We have thus seen that plethora and fat are consequences 
of too great a quantity of blood in tlie system. Hgi>crtropfig* ^ 
or an imdue growth of certain parts of the body, may be men- 


♦ From over : and Tf to xmurijOi. 
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tioned as a third. This has been known to occur in the bram, 
heart, and kidney. When the substance of the heart is 
afiected by it, a most painful, and often incurable disease is the 
consequence. Alterations in the quality of the blood ore 
productive of equally serious affections. The blood in sfiurvy 
is more fluid, of a violet or grayish colour, and possesses a 
peculiar odour. It is probable that clianges are produced in it 
by the effect of marshy exhalations, and perhaps the primaiy 
changes in some contagious disorders occur in this fluid, but 
observations are much wanting on this point. Dr. Stevens has 
not been by any means sufficiently accurate to satisfy the 
doubts which are proper on such a subject. His inquiries, too, 
have the misfortune of having been made to support a precon- 
ceived theory. 

The colour of the blood is well known to vary in different 
parts of the circulating system ; thus, if w^e examine it in the 
veins, or the right side of the heart, we shall And it of a dark 
red or puiq)lish colour; but after it has passed jhrough the* 
lungs, and been there exposed to the action of the air, it be- 
comes of a bright lively red, and is so found in the left side of 
the hwirt and the arieries. Aristotle first made the remark, 
which subsequent observations seem to have confirmed, that 
the blood of a negro is darker tlum our blood. The tempera- 
ture of the l)lood varies in different classes of animals. In man 
it is about 98“ Falircnheit, in birds higher; in cold-blooded 
animals it is but little above that of the medium (whether air 
or water) in whicli they live. We shall have occasion, how- 
ever, to speak more fully of these matters afterwards. After 
death the blood usually coagulates in the vessels, and the clot 
thus formed in the heart, from the organized appearance the 
fibrin puts on, has not unfrequently been mistaken for a dis- 
eased growth. In persons who die by lianging or drowning, 
the blood ordinarily remains fluid. The same 'occurs after 
death resulting from violent muscular exertion ; from lockcd- 
jaw, which, in fact, is very similar to the former, being a 
general spasm, or forcible contraction of the muscles ; from im- 
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pressions on the nervous system, such as violent fits of passion ; 
and, it is also said, from lightning. In all these cases the body 
sooner runs into putrefaction, as if the extinction of life had 
been more sudden and complete. In those cases, too, the body 
itemaifis flaccid, and as the fibrin does not coagulate in the ves- 
sels, so neither do the fibres of the muscles assume their usual 
rigid contraction. 

John Hunter was induced to l)elieve that the blood was 
alive, and that coagulation was its last vital act. Tlie idea 
of a fluid being alive is at first received with difficulty, but 
when we reflect on our total ignorance of the nature of life, we 
must confess that no reason can be showm why it should not 
be conferred on a fluid as well as a solid. Besides, out of this 
fluid solids arc fonncd. We have shown, that when blood is 
poured out into a wound, and coagulates there, its solid part 
becomes penetrated with vessels, which, uniting with the ves- 
sels on eitlier side, can-y on the circulation through it, and 
it bocomesf to all intents, a living organized mass. AVhy, 
it is said, allow it life, now that it is solid, and deny it before 
merely because it was fluid? An impregnated egg, it is well 
known, is alive. The principle of life in it prevents putrefac- 
tion taking place when the egg is placed, (hiring incubation, in 
circumstances most favourable for its occurrence. It also 
enables it to resist cold ; and eggs which have hetm once frozen 
are more readily fi’ozen a second time, the first congelation 
having destroyed the vital principle. An addled egg will also 
freez(i more readily than a fresh one. Now it is asserted tliat 
blood just drawn, and exposed to a freezing mixture, resists its 
influence longer than the same blood thawed and warmed to its 
original heat will. This would be a strong con’oboration of the 
opinion, and we believe that we agree with the greater number 
of physiologists of the present day, in considering the blood as 
possessing at least a certain kind of vitality, in consequence 
of which, a mutual relation is established between it and tlio 
vessels in which it circulates. 

Tile ide i of transfusing blood, that is, transferring it from 
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tlie vessels of one animal to circulate in those of another, waa 
first put into execution by Dr. Lower. He found, that when 
an animal lay, after a copious bleeding, exhausted and almost 
lifeless, it was immediately restored by conveying into its 
veins a quantity of blood taken fresh from another animifl. It 
was supposed tliat the ajiplication of this fact m%ht bo useful 
iu medicine, — in shoi't, that diseases were to be cured by sup- 
plying the patient with a quantity of fresh healtJiy blood. 
The first experiment, however, of the kind proved fatal, #nd 
some other accidents occumng, tlie practice fell into disrepute. 
Latterly, however, it has been revived in a more rational man- 
ner, chiefly owing to the exertions of Dr. Blundell, and in lus 
hands it has succeeded in preserving the lives of many females 
who were reduced to the lowest state of exhaustion in conse- 
quence of profuse discharges of blood consequent on child- 
birth, It is evident, however, in these coses, that the only 
object was the maintaining in the body a sufficient qumiiity of 
blood. No change in its quality was aimed at. 

From the belief that certain diseases originate in the blood, 
it lias been suggested to apply our remedies to the fountain 
head, by injecting tliem into the circulation. Wc regret that 
no decided success has been shown to attend this mode of treat- 
ment. It was pretty extensively tried during the late melan- 
choly epidemic, and we do not believe it did much injury, 
except when pushed, as it occasionally was, to the extravagant 
length of throwing in whole gallons of fluid. For the rest we 
may say it liad the fate of other remedies. It had its supporters 
and its o])j)osers. It was brought to combat a disease, the pro- 
gress of Avhich was like the flight of the locust-tribes, “ before 
them was a fertile paradise, behind them a desert waste a 
disease of which wc know the sad results, while the causes are 
still hid from us; a disease against which it was justifiable to 
try every expedient, yet in which we fear tliat it might often 
with truth be said, He who did least, did most. 
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THE CIRCULATION, 

Now having* gotten the blood, the fluid by which all parts of 
the body are nourished, and out of which all the secretions are 
made, the next question is, by what means is it to be conveyed 
to those parts, and how can we ensure the return of such por- 
tions of it as may not be required for those offices? Of course, 
the most obvious way is to lay down a system of tubes, or 
rather one large main-pipe, giving oflF branches as it passes 
along, and these again subdividing until they penetrate the 
minutest part. This is the principle on which a city is sup- 
plied with water. From the basin, or reservoir, sets out a great 
main-pipe, which at first, perhaps, gives off" leading branches 
for three or four prominent districts ; these branches, running 
along the f^’incipal streets, send off lesser conduits into each 
cross street ; from these conduits still smaller tubes lead into 
every house, and perhaps a still furtlier subdivision supplies 
every room. This supply is in the human body carried on 
through the great system of vessels termed the arteries. The 
central pipe is the aorta. Setting out from the chest, it first 
ascends a little, and forms a emwe, from the uppermost surface 
of which it sends oft’ the vessels that are to supply the head, 
neck, and upper extremities. Having thus provided for those 
parts it bends downwards, and lying close on the back-hone, 
rather on its left side, commences its course along the trunk, 
sending out at each side a branch to supply the muscles between 
each pair of ribs; these brunches are called intercostal^ from 
l)etween, and costa, a rib. Having got out of the chest 
and through the diaphragniy which, as we have siiid, separates 
the chest from the abde^en, like a shelf placed between them, 
it gives out from its front part a short thick trunk, which, after 
a course of about half an inch, breaks suddenly into three 
divisions, the one on the right going to the liver, the one in the 
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centre to the stomach, and the one on the left to the spleen.. 
These three organs, it will be remembered, lie nearly in the 
same level, so tliat a good engineer would take advantage of 
this to supply them through a common duct. But there is 
also anotlier oigan lying in the same line further back, the 
pancreas. This is a long narrow gland, compared in form to a 
dog’s tongue, lying across the back-bone, with its thin end 
towards tlie left, in contact with the spleen, and its thick end, 
called the head of the pancreas, placed towards the right, sur- 
rounded by the turns of the duodenum, and consequently in 
the immediate neighbourhood of the liver. Now as it is thus 
clase to i^rts abundantly supplied, tlieve would be use in 
sending a particular pipe to itself, but short pipes are laid into 
it from the arteries of the spleen on the left, and from those of 
the stomach and liver on the centre and right. Having thus 
supplied the upper stage of the abdomen by one great trunk, 
the aorta continues its course down along the back-bone. It 
soon arrives at th(i mesentery, which, as we have Txplained,iB “ 
the fold of serous membrane binding the intestines to tlie spine. 
Of this fold it takes advantage to send a large branch to the in- 
testines, and this branch supplies all the small intestines and 
thc'fii*bt half of the large, that is, the coecum and a large part 
of the arch of the colon. Lower down, a second branch finishes 
what is necessary for the intestines, by supplying the remaining 
part of the colon and the rcctmii ; while, between those, two 
branches are sent oftj one on eacli side, to supply the kidneys. 
Tlie organs contained in the abdomen 'being now furnished, the 
parts below are next to be considered, and, as the body soon 
begins to divide into tlie two legs, it is clear that the one central 
pipe will no longer be sufficient. But there is nothing an 
engineer guards more against in dividing his pipes than having 
any sudden or shar|) turns wliere they c‘au be avoided, as such 
increase the friction, and diminish the quantity of liquid he can 
supply. To avoid this, therefore, the aoifri commences dividing 
itself liigh u}) in the loins, that the^yteration in the direction 
of the current may be os gradual as possible. This will be ren- 
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dered evident from the accompanying diagram, in wliich a is 
the ao^, B B the vessels into wliich it divides. In fig. 1, we 
sec the Natural course; in fig. 2, the much greater imp^iment 


Pig. 1. Pig. 2. 



the currwit would receive, were tlie division not made till 
absolutely necessary. The arrows show the direction of the 
“curi’ent. 

sNow these two divisions of the aorta ai*e called the zliac 
arteries, from ih'a the flank; andbefore long they each subdivide 
into two brauche.s, the internal and external. TJie internal 
branch dives deep into the pelvis, where it su[>plies the bladder, 
the lower part of the rectum, and other parts varying with the 
seUi:, and penetrating backwards, conveys the nutiitive fluid to 
all that great moss ot muscle which forms the buttocks. In 
tlie mean time the external runs forward to the front of the 
tjw&h, where it takes tlie name oi' fetnoral femur, the thigh), 
sends off branches to nourish tiio muscles here, winds itself 
towards the inside of the thigh, and getting on the back of it, 
can be felt in the hollo\sr of the ham behind the knee. Its 
presence here is also evinced by the well-known experiment of 
a person, wdien sitting, throwing one of liis legs across the other ; 
the suspended leg is observed to vibrate, and the vibrations 
take place at the same moment as the pulsations, being, in fact, 
cflsueed by the fresh wave of blood attempting to straighten the 
arterial tube, where it is curved at the knee. The arteiy is 
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here called poplitastil (^poples-itisy the ham), and divides itself 
farther into two principal branches, the one running olcmg the 
front and outer part of the leg, the other along the back and 
inner part. These branches throw out small twigs to dl the 
muscles, and other parts, in their way, and finish by supplying 
the feet and toes. This is a general outline of the great system 
of tubes by which the blood is conveyed to the remotest parts. 
They tenninato by being subdivided in the substance of each 
organ into vessels of extreme minuteness, tenned capillary ^ from 
capillus^ a hair. It is in tlxeso that jiutrition and secretion ai^ 
performed, but the knowledge of the course and distribution of 
the vessels no more enables us to understand these operations 
carried on at their extremities, than a j^eifcct map of all his 
pipes and tubes enables the engineer to' comprehend to what 
uses the tradesmen and manufacturers, inhabiting the several 
houses, may turn the water with which he supplies th^. 
But to pursue our system of pipes. Tlie engineer suffers the 
waste water to rim off* through the sewers, it woiud be of no 
use to him to bring it back again to bis rei^rvoir. A different 
plan, however, is to be pursued in the body, for the blood, 
when brought back, mixeil with some fresh chyle poured into 
it by the thoracic duct, and exposed to the action of the air, 
becomes fit to he again employed in the same service; as also 
the water of the soAvers AVould he if properly filtered and puri- 
fied. For this purpose, therefore, another system of vessels, 
termed veins, is laid dowu; and the arteries coniinunicatc with 
the veins through the medium of the capillaries, or rather ^e 
capillaries are the extremely fine torminations of the* arteries, 
and tlie e<pially fine commencement of the veins, running into 
one another in a mode that eludes our observation. As the 
veins get more distant from their origin, they unite more and 
more, until at length they all terminaic in two large trunks, 
the one bringing back all the blood that had been sent to the 
head and upper extremities ; the other, that which had nou- 
rished the body and loM'er extremities ; and these two vessels 
are called venus superior and inferior. 


N 
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Vessels have now been provided sufdclent for a perfect eir^ 
e^Mian^ that is, for the return of the fluid to the point from 
which it set out. One thing is yet wanting; the power that 
is to set this fluid in motion. 

Now for this purpose the engineer uses forcing-pumps, 
which, being worked by the power of animals, or water, or 
steam, drive the water into all the pipes, and so supply all 
parts of the city. But in the body we have neither animab^ 
nor steam, nor water, to drive the nutritious fluid, but in their 
place muscle, which is the true productive or originating cause 
of motion in the animal frame. Suppose, tfien, tliat to the 
origin of the arterial system, we append a reservoir, and sur- 
round this with strong muscular fibres, the shortening of which 
would diminish its capacity so aS to cause it to expel its con- 
tents into the arteries, we should tlien liave the first and 
simplest form of heart ; in short, just such a heart as we find 
actually present in the crustaemy as, for instance, the crab or 
cray-fish. • 

Such a heart answers sufficiently well for this class of ani- 
mals ; hut when we rise a little higher, and find a more perfect 
circulation, and the Avhole vessels constantly full, we ^soon 
observe something further than this one cavity to bo wanting. 
For the vessels being, as we have said, full, it is clear than 
when this cavity contracts, so as to throw a fresh quantity 
into the arteries, an equal ciuantity must be discharged from 
their extremities into tlu‘ veins, and the veins in turn must 
seek to unload themsselvcs into this cavity of which we speak. 
But the ciivity, being junt at time moment in a state of con- 
traction, is not prepared to T-eceive this wave which is thrown 
towards it, consequently, it becomes necessiuy that there 
should bo a sort of ante-chamber, or receptaclo to hold the 
blood until this cavity can relax to receive it. 

This provision, which we have argued out as proper and 
necessary, actually occurs in the frog '‘j in several of the mol* 

* Tlic frog if» T) iw said to have two a-uricles. Of course this makofc no diffe- 
rence. as they both discharge themselves into the aame ventriide. It is only a 
double reservoir in plaeo of a single. 
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ImcOy The receptacle is called auricle^ from its bearing in 
the hinnan subject some resemblance to a dog^s ear 
the other^ or forcing part, is called ventricle^ from its likeness 
to a little stomach (vcntricultbs). 

The auricle is surronndcd by muscnlar fibres a^ well as the 
ventricle; they are, however, much weaker, as^they have 
merely to propel the blood into an adjoining cavity. ITie con- 
tractions of these cavities take place alternately in this manner* 
The Hence cavce empty themselves into the auricle; this be- 



A A the Vi not cava, C the ventricle. 

11 the auricle. 1) the groat arttfly of the hodl* 

coming filled with blood, is stimuli ^ad to contract, and so com- 
mences discharging its content' -nto ,tlic ventricle, which, in 
turn, when fully distended, ntracts, and forces the blood into 
the artery ; its retrograde motion into the auricle being pre- 
vented by the action of a valve, opening only in one direction. 
While the ventricle is contracting, the auricle again is dilating 
and receiving tlie blood which the venae cars are bringing it, 
and so the action is continued. 

s2 
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This valve is a perfectly mechanical contrivance, and is 
exactly what the engineer uses in his forcing-pump, of which, 
in its simplest state, this sketch will give an 
idea. When the piston p is drawn up, any 
liquid below the valve v will instantly, in 
consequence of the atmospheric pressure, rush 
in ; hut when p is pushed back towards 
the liquid, now above v, will forcibly hold it 
down, so as completely to shut the aperture 
through which it had entered, and, being 
compressed by no means of escape remain 
for it but through the tube from which it 
will spout with great force. 

Now this diagram will represent the application of the 
same principle in the heart. When the ventricle v dilates, the 
effect is the same as wlien p is drawn up from r in the forcing- 
pump, that is, there is an increased capa- 
city ; and if the atmosphere ])i*esscd on 
its contents would be discliarged into v. 
But as the heart is situated deep in the 
chest, and qut of the immediate reach of 
atmospheric pressure, the want oi tliis is 
supplied by the action of the muscles hy 
which a, the auricle, is surroundccl, and which, (MUitracting, 
pour the blood into v, the vtilve ic offering no opposition in this 
direction, hut naturally falling inwards. When, however, t? 
commences to contract, the ca])acity is first diminished, as 
wdien in fhc forcing-pump p is driven towards v ; in conse- 
quence the blood rushes r/ick, catches the valve :r, the more 
readily that it is of a conca/e shape inwards, forces it against 
the opening into the auricle, sr> as completely to stop it, and 
thus leaves itself no other mode of exit than through the aorta 
r, into which, therefore, it is driven. In this cut we have only 
represented the situation and action of the valve ; of its form 
we shall speak when examining the human lieart. The ven^ 
cavcBf superior and inferior, returning the blood into the auricle, 
are xe^esented as s an^ i. 
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So much for a simple circulation. But the blood, in its 
course through the body, is constantly depositing its nutrition 
particles, and taking up those which, having formed part of 
the body, are now, as it were, exliaustcd. It must, therefore, 
when returning through the veins, be unfit to go a ^Second 
time through the body, vrithout some renovatidn and purifi- 
cation. Now the leno ration is effected by the pouring in of 
fresh matter in the chyle ; the purification, by exposure to air 
in the substance of the lungs. This is particularly necessary 
in all the liigher and warm-blooded animals ; and for the pur- 
pose of this new course of the blood a new heart is added. It 
would be more accurate to say that new parts are added to the 
hciirt we liavc now described, tlie auricle being pfiiced to the 
right, and supplied with a new ventricle, \vhile the ventricle 
is placed to the left, and supplied with a new aiuicle. We 
have thus four cavities, the two former of which are dl«tin- 
guished as the riglit, or venous cavities of the heart ; the two 
latter as the left, or arterial. The blood jxmred iu^t^lie 
auricle c, by tlie veins a b, is dark in colour, and unfit to nou- 
rislx the body. The right auricle, being merely a reservoir, 
sends it into the right ventricle n, from which arises a large 
vessel F, called the jMihmnar^ artery (from TrvT^fxc^v, the lungs), 
which imiuedialely divides inh) two branches, for each lung. 
Througli this the riglit ventricle impels the blood into the 
lungs, wlicre penetrating into extremely miuiile vessels, it is 
exposed to the air Avhich wc are. constantly taking in by the 
action of drawing our breaths, and which produces a most 
marked and instantaneous change on it, the naturO of which 
we shall examine when speaking of Kespiratioii. By this 
change the blood seems to have lost all its impurities; from a 
dark red it becomes instantly a bright scarlet colour, and. is 
found to have acquired its proper stimulating and nutritious 
qualities. It is now, therefore, sent hy t^c pulmonary veins 
F F, into the left auricle thence into the left ventricle h, to 
be distributed by it through the aorta i, to all parts of the body, 
from which it returns by the veins black and impure, again to 
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undergo the same process in tlie lungs, and again to be sent 
out for the nourii^iment of the body. Tiiis, then, is the pw- 
fecbor double circulation, as we find it to exist in all warm- 
blooded animals, including birds, quadrui»eds, the whale-kind, 
and man. 



It docs not necessarily follow that these two parts should 
be united together; and it will materially assist the under- 
standing them, if, with Sir Charles Bell, we first depict them 
separate. 

Kow this form of heart is almost- exactly what Sir E. 
Himne found in the dugong, a warm-hlooded animal of the 
" whale-tribe, brought to him from the Straits of Malacca. The 
ventricles were quite distinct in the greater part of their length, 
and only connected above by some cellular structure, which. 



THB CIRCULATION. 


les 


with the usual twist of the aorta over the pulmonary artery, 
£[>tmed almost the sole connexion between the two sides. As 
it is interesting to see eveiy step in the advance of this organ 
towards the perfect state in which it occurs in man, we repre- 
sent this, which may be considered as one of the earliesttforms 
of the double heart. ’ 



Heart of Dugong. 


A right auricle and rontride. 

B B left auricle and ventricle. 

D pulmoruoy artery, arising from right Tcntrkdo, sad dividing into d d' a 
branch for lung. 

C aorta, or great artery of the body. 

We may now advance to the human heart, in which these 
parts are finally joined together, yet not so invariably that 
traces of their separation may not l>e found. Bartholin relates, 
that in opening the body of a malefactor he found the heart 
bifid at its extremity, tlic right ventricle being clearly divided 
from the left. Most usually, however, they are closely united, 
emd the epithets right and left are scarcely applicable any 
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longer, as that part which in animals lay towards the right, 
now appears rather in front, the left being attached to its pos- 
terior surface. In cx)nsequencc it has been proposed to change 
the names to anterior and posterior, or, from a consideration of 
their rfiature and offices, to call the right the venous heart, or 
heart of the dungs ; and the left the arterial heart, or heart of 
the body. 

Thus conij)osed, the heart is situated nearly in the centre of 
the chest, but more to the left side. It rests on the diaphragm 
by its lower part, and lies rather obliquely from right towards 
left, its point being in the latter direction. It is enclosed in it 
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peculiar sac or bag of its own, termed pericardium (from 
ahout^ and Kapha, the heart\ which we have represented as cut 
open. The pericardium, however, naturally, is closed like 
other serous sacs, and its internal surface, when it is in contact 
with the heart., is constantly lubricated by a fin^ exlialation, 
which must facilitate the heart’s motions and prevent adhesion. 
A person looking at a heart for the first time would find some 
difficulty in saying whicli was the right side, and which the 
left the chief difference he would perceive -would be, that one 
side looked weaker than tlie other, liad fallen in flat when 
emptied of its blood, while the other, from the thickness and 
strength of its niusciilur sides, had preserved its full and 
rounded form. It would occur to him, then, that this latter 
side, being evidently the strongest, must he the left side, that 
which was employed in sending the blood to the whole body ; 
w’hile the other, having only to send the blood through the 
lungs, did not require equal power. If he proceeded to i pa ke 
a Section across the ventricles, he would he still furSier con- 
iirined that lie had judged rightly, by finding something of 
this appearance. 



Section of Heart across botli Ventricles. 

A, the left ventricle, the thiolc musealor sides of which enable it to keep its 
bluipe ; while B, the right ventricle, is flattened and collapsed. 

If, however, any part of the blood-vessels were left at- 
tached to the heart, this would finally decide him, for he could 
not fail to recognise the two venee cavee discliarging them- 
selves into the right auricle, or the aorta, -ivith its great arch, 
arising out of the left ventricle. If he wished then to examine 
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the heart, say that he had got a bullock’s heart, in which 
all the parts are quite perfect, he would, as the best method, 
wish to follow the course of the blood. His first step, then, 
would be to slit up the two venie cavie, which bring all the 
bloo(f into the heart, and lay open the right auricle, which 
looks like a Silatation of them at the point where they meet. 

We have represented this done, in the human heart, in th^ 
annexed cut : where a and u represent the two vencs caxce^ the 
former returning the blood from the head and upper extremi- 
ties, the latter from the trunk and lower extremities, and both 
uniting to fonn n, the right auricle, which is seen cut open 
from behind ; e is the opening into o, the right ventricle ; r 
the remains of the obliterated foramen ovale; and c is the 
commencement of the arch of the aorta. 



Right 6i<le of Heart laid open. 


While the child lay in its mother’s womb there was no op- 
portunity for respiration, therefore there would have been no 
use in sending the blood to the lungs, which, indeed, are at 
that time so collapsed, that the blood could not circulate 
through them. Accordingly at tliis period a direct opening 
exists between the right and left auricle through their common 
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partition, so that .the blood, when r^umed from the veins^ 
passes from the right into the left auricle, from that into the 
left ventricle, and thence out again to the body. The opening 
through which this communication takes place, is termed, from 
its sliape, the foramm omle; it closes up as soon as the •child 
is bom, for then the circulation tlirough the lungs instantly 
sets in. A slight thickening and depression, however, mark 
its place, wliicli may be noticed at f. In the adult, therefore, 
no opening remains but tliat into the ventricle, the valves of 
which w’o must now proceed to consider. In si>eaking befwe * 
of their action, wc represented a simple vah^ acting mecliani- 
cally. Such a valve would do ver}" well for a forcing-pnmp, 
the sides of which were iiuniove^hle, and when it could be 
made of any desired thickiiess ; hut in a living contracting 
orgaji it would >\'ant l)oth strengtli and adaphition. The mode 
in which both these arc provided for, is admirably explained 
by Sir Charles Bell, to whose works we iiave often been 
iridel)tod. 

The valve is composed of three inem1)rancs, the bases of 
which are attached round the edges of the opening, while their 
points arc in some measure free and floating, and when laid 
together are sufficient completely to stop up the orifice. Now, 
as the size of the valves cannot change, it is necessary that the 
size of the orifice should not change, else they could not pos- 
sibly fill it up. Thus, if the circle a should 
enlarge itself to <i\ it is clear the valves would 
be so drawn at the base, that they could not 
meet, and so a large space x would be left, 
througli which the ventricle w'ould return half 
its blood, in place of sending it all on to the 
lungs. Tills is provided for, by making the 
circle a a firm tendinous ring; and we may 
finrly assume it as an indubitable evidence of 
design, that this part alone of tlic heart should be incapable of 
motion, where alone motion would be injurious. But simple 
membranes would not be sufficient either, for though capable 
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of filling the orihee, t)|ey could not resist the strength of tlie 
ventricle pressing on them from below ; and so they would be 
driven up into the auricle, and the passage forced* Now, let 
us see how this is prevented. 

If we suppose this to be a section of 
tlie right ventricle, we have, as it were, 
a profile view of two of the valves ; 
a a the cut extremities of the tendmous 
circle, opening from the auricle into the 
ventricle ; « » the valves made of a thin 
membrane, with their concave side look- 
ing downwards, so that the blood im- 
mediately catches them, on attempting 
to return, and throws them up against 
the opening. Now come into play c c, which are beautiful 
thin tendinous cords, attached, as we see, to the edges of the 
valves, and running from them to the sides of the ventricle. 
These amiot extensible, and their length permits the valves 
just to reach tlie orifice, but perfectly prevents their being car- 
ried up any further. Tims is their strength provided for. But 
further adaptation is still requisite, because when the ventricle 
commenced to coiitmct, its sides would approach more nearly to 
the opening, therefore the tendons being relaxed, would suffer 
the valves to float up. This, too, lias been foreseen, and guarded 
against ; the ends of the tendons have betm inserted, not 
directly into the sides of the ventricle, but into small muscular 
pillars, called columnw carnew^ wdiich wc observe at m m. 
These share in the general inclination to contract ; and the more 
the sides a])proacli the orifice, the more tightly do they pull at 
the tendons, so that the valve is never suflered to (|uit its place 
until all the blood is dri\en into the juilmonary artery p, 
"When this has taken place, the sides relax, the ventricle 
dilates, the valves fall down, and everything is again in a state 
to be filled from the auricle, which now commences work in 
its turn. The blood is now in the pulmonary artery. This, 
as we have represented it, opens from the top of the ventricle ; 
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the reason is obvious. Fill a bladder vith water, insert a pipe 
into its neck, compress the bladder, and the water will spout 
ta'a considerable distance. But, if you first invert the bladder^ 
so that half of its contents may run out, and then compress it, 
you will scarcely drive the water beyond the pipe. Novf, this 
would be the condition of the ventricle if the artery were 
inserted into its lower part. The }>lood as it entered would, 
by its ppuvity, descend into the artery, the ventricle, not filled, 
would want its proper stimulus to contract, or, if it did con- 
tract, could scarcely use any force on its contents. The artery 
is, therefore, placed at top. We have seen the complicated 
structure of tlic valves of the heart, and we have seen the 
necessity for such complication ; but look at the*valves of the 
artery, they are nothinc^ hut simple folds of membrane ; yet 
they are quite sufficient. Tendons to strengthen them would 
be useless, because the artery can exert nothing like the 



Dack View of the Heart. 
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mtiscular power of heart to force them ; iieshy pillars 
would be useless, because the dilatations and contractions of 
the artery are too slight to require any adaptation, they are, 
therefore, omitted, for Nature does nothing in vain. 

The blood, in the mean time, has gone cm ; the pulmonary 
artery soon divides into branches, c n, one for each lung, and 
these subdivide, in the substance of the lung, into innumerable 
minute twigs, through the delicate coats of which the blood is 
aerated. It begins to collect again in the pulmonary veins, 
• which finally uniting into four trunks, e f g h, enter the left 
auricle i, filling it with red, perfect, arterial blood. This is 
discharged by it into the left ventricle k, and from that 
through the aorta l, to supply the whole body. 

The mechanism is so exactly similar to what we find on 
the right side, that tliere is no necessity for going over it. 
The opening bet>veen the right auricle and ventricle being 
largo, the valve, as we have seen, had three j)rincipal divisions, 
and“ Is cacTiOfl tricuspid^ or three-pointed ; that in the left side 
being smaller, the valve lias but tw'o divisions, and, from some 
fancied resemblance to a bishop’s mitre, is called mitral. The 
valves of the aorta arc rimilar to those of the pulmonary 
artery; there is yert a little l)it of contrivance about ilicm 
whicli remains to be noticed. If they lay completely hack 
against the sides of the artery, it is possible that the blood 
might glide back over their smooth surface without catching 
in them. To prevent this, the aorta is tiilated 
immediately behind them, so that they cannot 
/im reach it. There is, therefore, always a little 
space into which the blood, w'hen I'ctiiming, 
must flow, and so shut down the valv(^s, and put 
an end to the letrograde motion. 

The texture of the heart generally is muscular, with ten- 
dinous or cartilaginous hands around its four openings, that is, 
those between auricle and ventricle, and ventricle and artery. 
Internally it is lined with a smooth membrane, which is 
found continued tlirougli the whole course of both arteries and 



THE Cnt€ULiLTiaK. 


yekus ; and extemallj the serous part of the pericardium w 
reflected over it, while the flbrous coat of the pericardiuai 
forms a strong covering over all. The heart is still further 
protected by the bony sides of the chest, and the muscles with 
which they are clothed, so that, next to the brain, it mfty be 
considered the best defended, as it is the most important organ 
in the body. The size of the heart is variable, and it is said 
to be largest in those animals that are endowed witli most 
courage. We can understand that the more freely the blood 
is sent to all parts, the more perfect will be their vitality, and 
the greater the exertion of which they are capable. The con- 
sciousness of increased power, thus obtained, may give a greater 
disposition to use it ; and thus animal courage may be the 
consequence of physical organization : and Sancho Panza may 
not have been altogether wrong, when he argued that it was 
as natural for one man to be a coward, as for another to be 
subject to bile. Common modes of expression indicate the 
generality of this feeling ; thus we speak of a faint' a 

stout heart, lion-hearted, &:c. We are not philologists enough 
to decide whether showing pluck” is fb be referred here, 
though vve are aware that in Scotland the heart and lungs 
attacliod to the head of a dead sheep are technically called 
“ the plxickP 

Tlie cause of the pulsation of the heart, felt between the 
fifth and sixth ribs at the left side, has been disputed. On 
opening an animal, the contractions of the several parts of the 
heart are observed to take place in this order, 

1. The venae cavae fill the right auricle, at the same time 
the pulmonary veins fill the left ; 2. Both auricles contract, 
and fill both ventricles ; 3. Both ventricles contract, and fill, 
the right the pulmonary artery, and the left the aorta ; 4, 
The arteries act on the blood. 

Now the first and third of these actions happen together, os 
do also the second and fourth, and it is chiefly by the third 
that the stroke of the heart seems 2 )roduced. If you inject 
water into a curved flexible tube, a 5, the first effect of the 
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Current will be to straighten the tube to a 5', from the extre* 
lyti fy of which it will be dischaa*ged. But if h be made a fixed 



point, and in place of a syringe a moveable ventricle be attached 
to the tube, it is evident that the attempt at straightening the 
tube must all be exerted on t’, which, therefore, will be tlirowTi 
up towards and striking against any thing that opposes its 
progress, as in the present case against the interval between 
the fifth and sixth ribs, would cause a sensible pulsation. 
Dr^. r'nrrl gan a short time since attempted to show that the 
pulsation did not depend bn this, but was caused by the gush 
of blood into the ventricles from the ani ielcs. He made some 
experiments to prove this, and argued, that as the curve of the 
aorta was towards the left, any attempt to straighten it would 
throw* the heart up to the right, where, consequently, the pul- 
sation should be felt. But he forgot that the aorta, hen leav- 
ing the ventricle, first goes towards the right, and also has an in- 
clination backwards towards the spine, before it makes its gi‘eat 
arch to the left, consecpiently the straightening of these two first 
inclinations would throw it forward and tu the left. He also 
left out of account the straighteiung of the pulmonary artcr^'', 
which takes place at the same moment, and which, as the 
artery curves almost directly backwards, must have the effect 
of throwing the heart directly forwards. Neither has he ad- 
verted to the fact, that the heart’s motion is much more con- 
strained towards the right by the entrance of the veins, and the 
situation of the mediastinum, a membranous partition running 
across the chest from the spine to the breast-bone, than it is 
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towards the left, where, in feet, its point is quite free, lu 
short, he only took into account one force, where the combina- 
tion of many was to be considered. We must, therefore, ad* 
here to the other opinion. It is probable tlie dilatation pf thp 
auricles which takes place at the same time, may aseisf ; for 
Haller found the h^rt in a dead body give a stroke at the 
breast when he distended the left auricle with air, and 3^nac 
reports the ifeme result from filling the right. The heaH is 
elastic as well as contractile, and owes this property to a quan- 
tity of cellular membrane, with which its muscular fibres are 
enveloped. The opening out of its cavities, therefore, is to be 
considered as much its proj>er action as their contraction. It is 
not that they merely dilate by the blood poured into them 
they open to receive the blPod, and the auction-power thus 
exerted, has been much insisted on by Drs. Barry and Carson, 
amongst the causes 6f the motion of the blood in the veins. 
How far they are right, we shall consider afterwards ; the fact 
con be demonstrated by taking out the heart of a fisliy^IIpty- 
ing it of all blood, and laying it on a table, i^'here it will be 
observed to contract and dilate itself regul&rly, often for some 
hours. 

The arteries come next to be considered, and the share which' 
they take in propelling the blood. When examined after 
death, they are found to consist of, first, an outer coat of strong 
clastic substance ; second, a middle coat of a yellowish colour, 
showing well-marked circular fibres, by which alone it seems 
to differ from the yellow elastic Ugommty which we before men- 
tioned as used to support the head in the horse, cow, &c. ; and 
third, an inner coat of smooth lining membrane. This last is 
the most impoi’tant, as it is found to exist in every kind of 
vessel ; it is, therefore, called the proper vascular tissue. The 
middle is peculiar to arteries, and the question, whether its 
fibres are, or are not, muscular, has been the cause of one of 
the longest and most violent of physiological disputes. Yet, 
like many other disputes, the difference is rather about names 
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than tete. If m oaimpaw tiiieae mcular witli the fihree 
of the ioohmitmy'^ laisedes^ they most certify aie sot the 
liteme. difo in appearance^ in taate^ in chemical compo- 

aitioii, in mode of action^ in the eftecta consequent on the eppU- 
catioft of certain stimuli. But though they are not moTed to 
act in the same vay as the hhresof the voluntary muaelea, yet 
they as certainly oontract and dilate in a manner more suited 
to the parts they belong to, and these motions of oontiactiOQ 
and di]^tton am under the direction of a vital principle. 
Hunter endeavoured to prove this directly, hy e^qpieriment. 
An animal was hied to death, by which the arteries are Inought 
into their greatest state of contraction, the artery always enden* 
vouring to embrace iirmly its diminished contents. A portion, 
A B, of such an artery was taken, slit open, as we see at cn, and 

B 



-weights w w' w" appended. When those had stretched it as 
fsa as xx\ they were removed, and the arteiy again contracted, 
not to its original dimensions, but only as far as o o'. On this 
experiment he argued thus. Two powers produced the Ml 
contraction of tlie artery ab: the one elasticity, which wo 
know to be possessed by dead nuttier ; the other vital contrac- 
tility, w’hicli belongs onJy to living. Now when tlie ai-tery 
was cut out of the animal, this latter power was destroyed ; 
consequently, when extended loxx', and the weights removed, 

* Miwden under the Immediate direction cf the will,-^whlch wo can at aaSjf 
time oall mto action, or oause to cease from action ;^uch aro the muscles of 
the am, leg, Ac.,— wo may say generally aU muscles, except those of the heart 
prd intestinal canal. 
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ii did not retxiot to ito origizud dbneiiMens on. The aloflitMty 
idioitttMd it ftom bixt ibe vital eositiraotility was 

which should have taken it from o to x>* thev^Ore, 

In some measure repiresent the extent oi* the vital oontractiliiy; 
end o;s of the elasticity. But vital contractility exists in no 
part of the body that we are acquainted with except the mna- 
dee ; therefoare these circular fibres of the middle coat of the 
aitery must be muscular. 

We do not propose leading our readers into the endless 
signments adduced on each side. They will perceive that the 
two parties have forgot to decide what should constitute a 
muscle^ and thus, each taking different standards, have sue* 
ceeded in proving their own opinions without disproving those 
of their adveTsaries. We shall, therelbre, avoid using the term 
muscular^ as applied to this coat, and sliall term it, from its 
appearance, the ydhw fibrous coat^ or perhaps the contractile 
coat, and shall mention a few facts to justify its claim to this 
latter name. It may be well to say that we use the teim con- 
iracHlHj^, to express a quality of living bodic^^*, in contradistinc- 
tion from elasticity y which they possess irt common witli dead 
matter. Dr. Parry, having exactly ascertained the circum- 
ference of an artery in on animal, killed the animal, and again 
measured the artery. After an interval of several hours he 
repeated the mcafaurement, ami found, as the invariable result 
of many experiments of this kind, tliat immediately after 
death the artery was contracted ; but on the tliird cxamituition 
had increased again. Now the artery does not die exactly at 
the same moment as the animal, hut, continuing for a little 
time to act, discharges all the blood sent into by the last 
contraction of the heart. On this account the artery is always 
found empty after death, and its contraction is evidently the 
result of a mtal power. But after some hours the artery is 
dead as well as the rest of the body, and then he always found 
it relaxed. This is a clear proof that the artery possesses a 
vital contractility, and not merely an elasticity. 

Every surgeon know^s that when he has opened a small 
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artery, the readiest way to stop its bleeding is to cut it through. 
The artery contracts so readily and strongly, os often to 
arrest the jet of blood at once. 

If we make the stimulus more powerful than a simple cut, 
it win produce a contraction sufficiently strong to stop the 
flow of blood, even from very large vessels. M. Amussat, a 
French surgeon, has, in several operations, arrested the bleed- 
ing by catching the end of the artery in a pincers, and giving 
it a twist. The fihrotts coat has contracted so powerfully as to 
shut up the mouth of the vessel. It was not the mere twist 
did this, for if you twist a dead artery, and then with a syringe 
inject into it, even very gently, some water, you will perceive 
it undo tlic twist, and flow from the ojicn mouth of the vessel. 

Arteries, when exposed in operation, have contracted before 
the operator had touched them ^^itli his knife. Tlie testimo- 
nies of this are so numerous and res]>ectal)]e that it is impos- 
sible to doubt it. 

■Wtrinay, therefore, fairly conclude that ai'terieis are en- 
dowed 'with a peculiar vital power of contractijig on their con- 
tents, and that such pow er helongs to the central fibrous coat 
is evident, Irom its being deficient in the \eins, ^^here this 
coat is not to he found. Thus they arc possessed of one quality, 
which we ha\e also seen in the heart ; its other power, that of 
active dilatition, bcems equally to belong to them. The arte- 
ries of the clicek enlarge under the feeling shiune or mo- 
desty, and, according to the measure of their mcrcase, we have 
the gentle suffusion, or the l)unnug criuison glow. If increased 
action be going on in any jwt, or a copious supjdy of blood be 
required for a sudden growth, the urtericb supplying the patt 
enlarge themselves, and luniish in abundance the nutritive 
fluid. 

The growth of the stag’s horn is a beautiful example of 
this kind. The stag usually sheds his horns in spring; the 
place firom which they had fallen is soon covered over with a 
thin skin, and the first sign of the new antler is a little tubercle 
rising up in this place like a bud, and covered with a fine, soft. 
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velvety skin. In this skin run the vess^s that are to form 
the future antler, and they penetrate, in great numhers, the 
little tuberculous swelling, wliich is still soft, and like gristle. 
It grows with remarkable rapidity, still covered by th^ skin, 
and the veasels deposit in it white bony matter, until the whole 
is quite liard and full-grown. The next step is to rid it of its 
soft and very sensible covering, which, as long as it remained, 
would completely unfit it for the uses to which it is to be 
applied. And this is said to be performed by a very beautiful 
contrivance, noticed by Mr. Hunter, and his original prepara- 
tion to explain which is still in the Museum that bears his 
name. Around the bottom of the antler, where it springs 
from tlie skull, is observed a bun*, or bony rim, which sur- 
rounds the vessels as they pass up. This, growing along with 
the rest of the part, hocomes, by degrees, so firm and dense, 
that it presses on the vessels supplying the soft velvety integu - 
ment, wJiich, thus deprived of its supply of blood, withers, 
dies, remains for a short time in a ragged state attached to the 
antlers, and is finally g<»t rid of by rublupg against the trees. 
At the same time the carotid arteries, from which these vessels 
sprung, resume their original size, haviug been much enlarged 
during the coiilinuance of this jwocess, a process, OvS Blumen- 
bach observes, exhibiting, in a striking manner, the mpidity 
with which growth can take place in wann-blooded animals, 
as a horn of a stag, which may weigh a quarter of a hundred 
weight, is thus completely formed in ten weeks. 

We thus sec arteries endowed with the two powers we have 
noticed as existing in the heart ; a power of dilating, and a 
power of contracting. Those powers are only similar in kind ; 
they are by no means equal in degree. As to the effect of 
ordinary stimuli, also, it is doubtful how far either heart or 
arteries are sensible to it. Harvey mentions that a young 
nobleman had the side of his chest laid open, in consequence 
of a lai^e abscess, so that the heart plainly appeared within the 
opening. By the commands of the king, Harvey examined 
this case, and found that the heart might he touched or 
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haadled eausit^ tli« least sensation to jonng malk ; 

in fact, 80 oomplotely insensible was it, that when he shut hia 
eyes, he could not whether it was touched or not. Now 
though in many cases the arteries, on being mechanically 
tated, Tiave contracted, and this result occurred in fifteen out ef 
twenty experiments made by Verschuir; yet other persoiffl 
have been by no means so successful, and have stated to us 
lhat they could often x>erceive no difference at all, and at othex 
times an absolute dilatation. Nor is this to be wondered at. 
Ihe heart and arteries receive their nerves from a far different 
source than that which supplies the voluntary muscles. Their 
mode of perception is, therefore, different, and requires to be 
excited by proper and peculiar stimuli. The sensibility of 
each part is suited to tlie function it has to perform, and the 
danger against which it is to guard. Now the voluntary 
muscles are for moving the body, and they are excited to action 
by mechanical stimuli, such as pricking, wounding, &c., be- 
cause it is useful, that on the application of such they should 
immediately contract, to remove the body from the influence 
of those agents, which, if continued, would be injurious. But 
this kind of sensibility is much more obscure in the heart and 
arteries, because, before such agents could reach them, the skin 
and muscles must first have been penetrated, and so sufficient 
notice given to withdraw. The proper and peculiar stimulus 
of these ]jarts, then, is the blood, with the sensation of being 
full ; as their proper office is, under such circumstances, to 
react and impel forward the vital current. 

It is an equally wise and prudent provision, that parts, the 
constant and uninterrupted action of which is necessary to 
life, should have been withdrawn from the immediate direction 
of the will ; else would a slight inattention or forgetfulness be 
attended by death, and sleep, so necessary to the refreshment 
of our powers, virould be certainly fatal. But now, requiring 
noriiing from cur fomthoiight or watchfulness, supplied con- 
stantly with its appropriate stimulus, this system continues to 
act rSgfit and day, when we sleep and when we wedee, often for 
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a long succession of years without let or hiudezauce^ so 
we are at a loss whether most to admire the infinite wisdom 
whkh could devise so admirable a machinery, or bless tho 
infinite goodness l^t could make it to us the source of so 
many blessings, of health, of strength, of life. ‘^TEunt 
homines,’’ says St. Austin, mirari alia montium, ingentes 
fluctus maris, altissimos lapsus fluminum, ocean! ambitum, et 
gyros siderum ; — seipsos relinquunt nec mirantur.” 

Though the circulating system is thus free from the general 
direction of the will, yet it is well known to share in every 
powerful or sudden emotion. Joy will send the blood in gush* 
ing current to the cheek, or chilling fear will cause its revulsion 
to the heart, which no longer beats with sufficient force to 
drive it out to the extremities. Its tlirobs can no longer be 
ielt, it seems to retire deep into the breast, whence we speak 
of the sinking of the heart,” or the heart dying away 
within us,” as expressive of the effects of fear. 

As the arteries diminish in size, w e find their peculiar vital 
power becoming stronger, and the circular fibres more nume* 
rous, and tliis disposition is supposed lo reacli its utmost 
height in the capillaries. Whether it ceases suddenly here, or 
diminishes gradually from any given point, we are unable, 
from their minutoness, to decide ; but in the smallest veins we 
examine, this power seems quite gone, and along wuth it the 
central coat of circular fibres, of which we have said so much. 
The veins, then, are merely passive in the circulation, or eaa 
he considered as endowed Avitli no power beyond that of elas* 
ticity. I’his resides in tlicir external coat, which, as the same 
coat of the arteries, is merely .condensed cellular membrane. 
The internal coat is the smooth lining membrane which, .as wo 
have said, is the essential part of the whole vascular system, 
and in these we find it constantly thrown up in folds forming 
valves, sometimes single, sometimes two or three together, but 
invariably opening towards the heait, and sufiering the blood 
to move only in that direction. 

The contraction of the heart is evidently the first o£ the 
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oauses tlxat move the blood, and for some time it wascoso^dex^d 
as the only cause. In consequence of tbis, attempts were 
made to calculate the force wdth which it must contract to 
overcome all the effects of friction, angular turns, gravity, &c*; 
many* results were obtained which, by tlieir extraordinary dis- 
crepancy, showed that so^he gross error must have pervaded 
the reasonings employed. 

Borelli, proceeding on the supposition that the power of a 
muscle is in proportion to its weight, estimated the force of the 
heart at 1 80,0001bs. Keill, considering this as very extrava- 
gant, adopted a different line of argument, and, partly by ex^ 
periment, partly by assumption, and partly by reasoning, re- 
duced the power of the heart to about five ounces and a half ! 
Hales’s experiments are by far the most accurate made on the 
subject. He inserted tubes into the arteries of living animals 
close to the heart, and observed tlie blood to rise in them to 
the height of about ten feet above the level of the heart, and 
then to continue rising and falling a few inches at eacli pulsa- 
tion. Now Dr. Amott explains that a tube an inch square, 
and about two feet liigh, will contain a pound of water, and its 
base will sustain this pressure ; therefore the pressure of blood 
standing at the height of ten feet will be (10 divided by 2 or) 
five pounds on the square inch, or even u little more, seeing 
that blood is of a greater specific gravity than water. But the 
surface of the left ventricle of the lieart is about fifteen square 
inches, on each of which this pressure of five })ounds would be 
exerted ; on this calculation, therefore, tlie total force exerted 
by the left ventricle, at each contraction, is able to overcome a 
resistance ot more than seventy -live pounds, as is seen by the 
blood rising in the tube 

Men, however, soon perceived that the heait was not alone 
in maintaining the circulation. Worms have no heart, and in 

* We have not ewotjy given llales’H calculation here, but rather an outlineof 
the pirfnciple. He supposes that had his pipes been inserted m the human 
artofii, 4he blood would not have risen so high, in cousequeuce of which he 
]na1|/^>fK)me diminution, and concludes the power of the left ventricle to b« 
about'flfty-one and a half pounds. 
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thfem the blood i» moved by the vessels, assisted probably by 
the general muscular contractions. There is no heart in in- 
sects, yet it appears, from late discoveries, highly pmbable that 
they may have a circulation. Some facts, tending to support 
this opinion, had been put forward by Professor Cams, but 
lately a complete description of the wliole process has been 
given by Mr. Bowerbank in the third number of the Entomo^ 
logical Magazine, This fact was announced, we believe, on the 
same authority, in the supplemental matter of Griffiths’s edi- 
tion of the Regne Animal. Other facts, tending to show the 
influence of the vessels on the circulation, iudei>endeiitly of 
the heart, have also been adduced. If you tie an artery, the 
part of it beyond tlie ligature empties itself by its owm action 
and that of the capillaries, evidently without any assistance 
from the heart. Monstrous children have been bom without a 
Jicart, yet evincing, by their growth, that circulation had gone 
on tolerably well. Dr. Wilson Pliilij) once saw the blood 
moving throiigli the capillaries of a rabbit for an hour and a 
half after lie had cut out its heart. ' Mr. Alhiti Bnms mentions 
a singular case, in whicli both the ventricles wore completely 
converted into bone, so as to be quite incapable of contracting, 
yet the circulation was niaiiitained without much inconveni- 
ence, ns long as the patient was in a state of tranquillity*. 
The arteries going to a diseased part, also increase in size, and 
it is oven said in lajiidity of pulsation. Richcrand says, that 
tlie radial artery going to a hand on wliich was a whitlow, heat 
twenty or thirty in a minute more tlumthe similar artery sup- 
plying the other hand. From such facts as these Sir Charles 
Bell was induced, in a little work which he wrote expressly 

* This argument, tiiken from a dibcased state, cannot, however, bo allowed 
much weight. The .auricles were considerably enlarged and strengthened, so as 
to be enabled to perform the office of the ventricles ; bosides we frequently see 
the sides of the artories rendered bnrd and bony for good length, without the 
oirculatton being impodud by their loss of contnictility. The danger in such 
cases is, that the artery, becoming brittle, shall bo ruptiu-ed by the force of the 
heart It is evident, that if the circulation be carried on without much aasist- 
attco ftom the heiwi in one of those coses, it has equally little from tlie arteries 
in the other. * 
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<m tlid subject of the powers that move the blood, to 
v^much the . estimate usually formed of the value of the 
heart’s action, which he considers more intimately allied 
to the respiratory orgmis, and only exercising a genend 
r^;uming power over the circulation of the body. As 
the artery always embiraces closely its contents, it is 
equally full before as after the gush from tlia heart; nor 
does it appear to dilate when it receives this new quantity. 
Bichat, Parry, and others, examined arteries most accu- 
rately during the pulse, and even with the aid of micro- 
scopes could never perceive the slightest dilatation or contrac- 
tion. At each stroke, however, they become stiff and rigid, as 
if their fibrous coat had contracted almost at the same moment 
with the ventricle. By this way Dr. Amott supposes that- 
their natural elasticity is counteracted, and the heart enabled 
to produce its effect through them, almost as it would through 
tubes of metal. On such a suppositiou the full force of the 
heart would be transmitted to the capillaries, as much blood 
being discharged from the extremities of the arteries as is 
injected into their commencement. It would appear, however, 
that some slight yielding of the sides of the vessels must take 
place, otherwise the pulse would be instantaneous all over the 
body, the blood being moved by each stroke of the heart, 
exactly as a rovr of billiard-lmlls are put in motion by striking 
the first. That this is not ^together the cose, any peison^may 
satisfy himself by placing his right hand on liis heart, and his 
left on an artery, which he wdll find close behind the inner 
ankle of his right kg. If he now attend, and that the action 
of the heai*t be not ^flurried, he 'will find that the stroke at the 
ankle is distinctly, yet at o very short distance, after that at 
the breast. But this could only bo produced by a slight 
yielding of the vessels, and their snbse<iaeut reaction on their 
contents. It is only on the same supposition that we can 
account for the foot that the stream of blood in tdie 
arteries is nearly unifonn, the jet that takes place in the 
orteridli bedng in a manner lost and diffused through the elaoti- 
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city of the sides, as we see wave caused by throwing a 
stotkc into water, esctending itself in widening but leas percept 
tible circles, till it finally disappears. As the bloi^ gets 
further from the heart, its forward motion is diminished, aS 
well in consequence of this slight yielding, as by friction, the 
effect of curves, the angles at which the small vessels go off, 
Smc* Two provisions are made to ensure its advance, first, the 
channel is widened, and, second, the circular fibres of the 
arteries, and, consequently, their contractile power, is increased* 
Dr. Aruott seems to think it impossible that the arteries 
should exert anything like a propulsive power on the blood, 
heooHse they have no vermicular or progressive contraction. 
Now, it appears to us, that this is not requisite, on the fdmple 
X>rinciple that if a fluid l>e pressed or“ resisted on all sides but 
one, it will make its escape through that one; thus, the 
mteries pressing the blood, as the hand would grasp a bottle of 
Indian rubber, and K‘tum being rendered impossible by the 
valves at the commencement of the aorta, the blood Tymst 
clearly pass the only way left open to it, that is, through the 
capillaries into the veins. That the channel widens, is not, at 
first sight, so evident ; for we know that the aorta, as it passes 
«*iJong, divide into branches, these again into smaller branches, 
and so on ; but what we mean 
is, that the capacity of all these 
branches taken together, is, for 
any given space, greater than 
that of the trunk from which 
they were derived. Thus, that 
the section of the two branches 
at €> is greater than that of the 
trunk at A, and that the section 
of the four branches at a', again 
exceeds that of the two at o. 

This is sometimes expressed by 
aayintg that the arterial ^tem 
is represented by a cone, the point of which is at the heart, and 
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its base at.tbe surjEace of tbe A more accurate repra^n- 

tation ag to form wilLbe had, by considering it as a tree, which 
is rooted in the heart, the tmiik is the aorta, and the boughs, 
bj^au^es, twigs, and leaf-stalks will be represented by the divi- 
sions and subdivisions of the vessels to their minutest ramifica- 
tions. Now, as the section of the head of a tree at any place 
would show a more extended surface than a section of the 
trunk, so a section of the smaller arterial tubes will show an 
increased capacity os compared with the aorta : such, at least, 
was the result of John Hunter's experiments on this subject. 

The motion of the blood being facilitated aud continued by 
these means, it arrives at the capillaries almost with the force 
it had when leaving the heart. Were the capillaries, tlierefore, 
open tubes, this would He sufficient to carry the blood through 
them, and return it by the veins to the heart, without any 
further assistance. But this is not the sole object, nutrition 
and secretion are to be performed ; these take place in the ca- 
pillaries, they are vital actions ; theref(»re the capillaries are 
endowed with vital powers. In consp(juoiice they are able 
either to close themselves against the arterial cuiTent, or to 
dilate, so as to receive a greater share, or to delay the blood in 
their channeLs, or, finally, to return it by the veins. It is true 
that we attribute to them these ])owcrs, more from reasoning 
than from observation, for their extreme minuteness places 
them almost beyond observation. But when the siiliva fiow^s 
into the luoutli, as soon as a s.ipid substance has entered it, is 
it not that the capillaries supplying the salivary glands dilate, 
so as to bring them an unusual quantity of fluid ? It is not 
the heart that acta more vigorousiy, for then every other part 
of tlie body would have its supply increased at the same time ; 
it is not the large arteries, for then the face W’ould he flushed, 
and the temples throb when wc cat ; nor is it in the gland 
itself tliat the action cjinmcnc^^s, for the gland can no more 
m^e saliva without blood, than a carpenter could iuadc a tabic 
without wood, WJiere, tlien, can the action be, but in the 
extreme vessels? Or, wdien the tear starts unbidden to the 
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eye at a tale of pity, or a sight of woe, do we not see that the 
capfllarieB of the lachrymal gland have received thefr appro** 
piiate stimulus, have enlaiged thomselves, and increased the 
supply with a suddenness, that at once indicates the vivacity of 
their own powers, and shows the perfect justice and bcaivty of 
the poetic epithet 

8ic fattir . . . ohortU laehrymis f 

As to the mode in which their action takes place, Dr. 
Amott reasons thus : “ A muscular capillary tube, strong 
enough to shut itself against the arterial current from the 
heart, is also strong enough to propel the blood to the heart 
again through the veins, even if the resistance on that side were 
as great as the force on the other. For, if we suppose the first 
circular fibre of the tube to close itself completely, it would, of 
course, bo exerting the same repellent fofee on both sides, or, 
as regarded both the artery and vein. If, then, the seriei of 
ring-fibres, forming the tube, were to contmet in succession 
towards the vein, as the fibres of the Intestinal canal contract 
in propelling the food, it is evident tliat all the blood in the 
capillary would thereby be pressed into the vein towards the 
heart. If, after tliis, the capillary relaxed on the side tou'ards 
the artery, so as to admit more blood, and again contracted 
towards the vein as before, it might produce a forward motion 
of the hlood in the vein, independently of the heart. We, of 
course, merely state this as a possibility, for the intimate na- 
ture of capillaiy action is not visible, and lias not been posi- 
tively ascertained.” 

The capillaries of tlio absorbent system, which w^e have 
described in their proper place, opening npon the intestines, 
exhibit an active power in selecting and taking up the parts of 
the food, which being changed into chyle, afford them their 
proper stimulus ; in the same way the capillaries of the san- 
guineous system exhibit on active power in taking the blood 
up from the arteries and convey ing it into the veins. As they 
continue to live for some time after the life of the body has 
ceased, this action of theirs empties the arteries, and causes the 
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]il0od ta ba odMMi m iba veins and ait the ngiit aide of the 
himt. XI was ibis tiial ioix 00 mmy yem pnevonted laen £K>m 
diaoavenqip the cm^iilation ; for foding these vessels emptp Jn 
tha dead sali^eel) they coxsdnded them to he equally so m the 
Hvingy and acocufdiiigly tiade them vehicles for ^‘aaiMl 
spirits^” and other subtile aud powerful agents, which never 
had existence, save in the brains of their inventors, and solthey 
termed these vessels arteries^or air^uiea, a name which they 
retain to this day. There are some instances, however, in 
which the death being instantaneous, as from lightning, the 
capillaries lose all vital power at the same time as the rest of 
the body, and, in such coses, the arteries are found idled with 
a fluid blood. The some bt said to occur in deaths from the 
action of certain poisons, inducing general relaxation of the 
muscular system; and this has been adduced as a fiurther 
pro<^ of the similarity of the flbrous a>at of the arteries to 
muscular substance. 

The blood has now reached the veins, and, as we have seen, 
with a force not much diminished from that with which it set 
out. Its impetuous gush, however, is modiiled into a more 
equable, gentle flow, but still, as it appears, sufificiently strong 
to convey it back to the heart. This is necessary, as the veins, 
possesung no quality but simple elasticity, ore unable to add 
anything to the impulse. Their valves, however, aflbrd a 
mechanical aid, by dividing the whole column into a number 
of lesser columns, aud os tlie veins lie much in tlm neighbour- 
hood of muscles, every time these contract tliey press on the 
veins, and so .cause a portion of their lontents to advance 
towards the heart, retrograde motion being pre> entod by the 
valves. We sometimes have an unpleasant proof of the use of 
tliose valves, for, should tiiey fail to perform their office, as 
sometimes occurs in the lower part of the leg, the whole 
column of blood is allowed to press on the inferior parts of the 
veins, these become distended, tortuous, swell beneath the 
skin, and require the support of bandages, or a laced stocking, 
to prevent them bursting, and a bad ulceration coming on. 
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Hub affection is uBuaUj kno^ tmder the name <xf eoricaie 
mIbb, and may he fsodneed by ligetUYee round the lef, im- 
peding the Tetum of the blood. T%ht garters ought, on this 
account, to be aroided, particularly on young ohildren, in 
whom the parts are still tender and yielding* j> 

We baye now gone through almost all the powers that 
move the blood, and haye mi^ed the efiPeot and mode of 
action of each. There remains one, to which we before al- 
luded, and which has been much spoken oi, in c<»isequeno0 Of 
the ingenious experiments and observations of Drs* Bany and 
Canon. This is what is called the sudim power of the beut, 
and is supposed to have as great influence in drawing up the 
blood through the veins, as its contractile power had in driving 
out the blood through the arteries. To understand Whut they 
mean by this, we must observe how the heart is situated 
within the bony walls of the chest, which save it irom the 
effects of atmosphenc pressure. We must also remember that 
the cavities of the heart have an active power of enlarging 
themselvi^ Now, during inspiration, the chest is enlarged, 
the ribs are drawn upwaids and outwards by the action of 
their muscles, and thus troor space is left lor the heart to dilate 
itself*. Under these circumstances, the auricle, having dis- 
charged its load into the ventricle, opens itself out, so as to 
form a vacuum at the head of the veins, which it is argued 
must suck up the blood from them, or, to speak more cor- 
rectly, allow it to be forced up by the effei’ts ol atmospheric 
pressure, operating on the veins in all other parts of the body, 
l»ut taken off them here in the manner sliown. 

There is no question but that something mu^t be allowed 
for such a power, though its influence has been exceedingly 
overrated. If we make a wound in the sides of the chest, air 
will rusli in during inspiration, and ho expelled during expira- 
tion ; or, it* we insert a tube into the opening, and place the 

* It might bo Bopposed that the atmospheiic air rushing into the long? 
would press on the heart, which lios immediately adjoming them, but the 
reailioncy or elasticity of the lungs, which inabksthcm to resist port of this 
preSBuro, saves the heart, in so far, from its effects. 



m 


the cibcvlatiok* 


other end of it 4i a coloured fluid, we shall see the fluid rise 
in the tuba during inapiration, and fliU during expiration, t)r, 
fiairy inserted a tube iut6 the jugular vein of a horse, and 
lading the other end of it in coloured fluid, observed exactly 
the same result as we have mentioned. This showed the ten- 
dency of tlie lieart to fonn a vacuum during in^iration ; but 
there is quite force enough to return the blood without any 
such assistance, which scarcely can be regarded in any other 
light, than as a consequence of the heart being placed in the 
some cavity with tlie lungs. For, if the vena cava inferior be 
tied near heart, it will quickly be swolien with blood, and 
if o^ned below the ligature, all the blood from the lower ex- 
tremities will he discharged from it, though the vacuum can 
have no influence here. Hales inserted an open tube into the 
vein of an animal, and found the blood stfind in it six inches 
higher than the heart; there was little necessity, then, for a 
vacuum, or a suction power to draw it up to tho heart. If 
you pr^s on a swollen vein in the hand, tho part above where 
you press will not he emptied, oh it shouhl if the suction were 
powerful. But, beyond all these is the fai't, that no suction, 
however powerful, could raise a fluid to any distance through 
soft yielding tuhet», sucli as the veins, as any one may coii^ Ince 
himself, by inserting a syringe into a gut filled with ■svater, 
and trying to draw' it out of it; for us soon as he liad raLsed a 
little of the water nearest tlie syringe, the atmospheric jn-es- 
sure, being equal in every direction? w'ill cause the sides of the 
gut to fall together, and so to make an end to his exj[>eriment. 

The atmospheric pressure, however, must exercise an in- 
fluence over jbhe circulation in the head, for this being an air- 
tight cavity, and its vessels, therefore, perfectly relieved from 
this pressure, it is evident that as long as there is any blood 
sent out from the heart, a due proportion will he certainly re- 
tted here for tho sustenance of the very important organ it 
contains, Mr. Kellie, having in some experimental bled animals 
to death, observed, that though all tlie other parts w ere per- 
fectly blanched and bloodless, the brain contained a la^cr 
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quantity of blood than usual, from which he was led to the 
singular conclusion, tliat an animal,' under such circumstancei^ 
dies of apoplexy. It is probable that he 'was deceived as to the 
quantity bemg increased, by comparing the appearance of tlie 
brain with that of the rest of the body; but it is certain that 
the vessels of the brain would be kept in tlieir ordinary state 
of fulness, by the atmosphere i>ressing on jugular veins, so 
as to prevent the return of the blood, while the carotid arteries, 
in consequence of their deeper situation and stronger sides, re- 
mained 0])eu for its transmission, ^ 

The quantity of blood sent to the brain is vel!|^ in 

proportion to its size. Haller states it as one-fifth of thp whole 
supply of the body ; and though Monro reduces the dstimate 
to one-tenth, still we must consider this as a very large prb- 
])0i*tion sent to a part, which, in weight, is not one-fortieth of 
the whole. Although such a copious supply is thus provided, 
yet every one knows the danger of a sudden gush of blood to 
the head, and, accordingly, this has been guarded agailist inth 
the most scrupulous care. In animals tliat hang the head in 
feeding, such as the ox, sheep, ‘ &c., this dajigcr would ho 
greatest. Therefore in them we find the most beautiful pro- 
vision against it; for no sooner have the large arteries aivived 
at the licad, than they divide into a nunJher of small hrauchei^ 
which, after forming a net-work, assemble themselves agaid 
into a trunk, jjroceed towards the brain, and then u slteond 
time subdivide for its suppty. Tlie only object, then, of the 
first subdivision, is to break the force of the jot of iftood coming 
from tlie heart, and ensure a more steady and even flow in the 
vessels of the brain. It would be wrong, however, to consider 
such an effect as merely raechaiiical ; hy it the extent of the 
arteries is increased, of course the amount of their vital con- 
tractility is increased with it, and they obtain, as it were, an 
independent regulating power. In the instance given, this 
power was used for lessening or moderating the flow of the 
blood ; but it can also be used for increasing or strengthening 
it, as Sir Charles Dell has taken some pains to point out, 

p 



If a grovdii^? on my l^ftrt of the biwJy, 

the arteries Supplyin|jf that part^ tWigh before straight afid 
even ih their course, %ill liccome enlarged and tortuous, ban*y- 
ing jiore ^blood, and delivering it with more power. The 
surgeon knows that when called on to remove the tumour^ 
■should he cut one of those tortuous vessels, the blood spouts 
from it with much more force than when the vessel was 
straight. The artery going to the breast in a woman is natil- 
rally straight, hut when she commences to give suck, and so 
an increased supply is required, the artery immediately be- 
cothes tortuous. The arteries supplying the womb become 
* extren^ly tortuous during the period of gestation. The tern- 
^ral tiJrtery in man, which conveys blood to the top of the 
head, and may easily be felt beating at the temples, is well 
knovTi to be tortuous, yet the object liere must be an increase 
of power to urge the blood up against the resistance of gravity; 
the arteries supplying the lower extremities are all quite 
straight. It is, therefore, evident that the mechanical obstiicle 
produced by the various directions given to the current can be 
more than compensated by the additional extent of (‘ontractile 
power acquired, and that the object of the subdivision in the 
one case, or the tortuosity in the other, is to give the arteries 
a greater control over the .suj)ply. 

In the human brain tlicre is not the provision, described in 
the ox or sheep, for saving it from the effects of the heart’a 
action, which we may, in passing, notice as an argument, if 
argument be necessary, against the absurd opinion, that man 
was ever intended to walk on all -fours, with his head hanging 
down, nie matter is sufficiently provided for by the effects 
of gravity, and the bei\aiiig of the arteries at abrupt curves, 
just before and immediately after entering the skull. It is 
also worthy of notice, that they divide immediately into a great 
“number of minute vessels for the supply of the brain, no trunk 
of such a size entering its substance, as could, by its pulsation, 
cause any disturbance. The return of the blood from the brain 
is provided for, not in the ordinary way of veins uniting to 
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form trnnks, these still lasher truBks^ and ; bwt tie small 
veins all dischai^je themselves into certain caviti^, termed 
miuses^ generally formed on one side groove in the bones 
of the skull, and, on the others by reflections k)f the firm 
fibrous membrane, which forms tiie general envelope of the 
brain. i3y these means they ai*e constantly kept open, so that 
the blood flows into them with much ease ; and they also 
resist dilatation, the effect of which would be to produce pres- 
sure on tile brain. No valves are to he found in them, as they 
are not in the neighbourhood of muscles tliat might compress 
them, neither are they subject to the weight of the atmosphere, 
nor yet does the current rise against the power of .gravity 
They prevent the had effect of a reflux, wliich may t^e pteb 
during any temporary obstruction to the entrance of the blood 
into the chest, by dividing its action amongst all the little 
veins entering them, so tliat the shock which would rupture 
one, is rendered harmless amongst many. , 

The pulse is a phajnomenon familiar to every one, yet tie 
cause of its occurrence is not perfectly known. We have seen 
that the heart at eac*h contraction sends into the arteries a jet 
of blood, and almost at the instant this occurs, a finger placed 
on the wrist, or in any other situation where an artery can be 
compressed, will bo sensilde of a stroke. It was, therefore, 
thought that a dilatation of the artery, caused by the increase 
in its contents, vras the cause of this stroke. But it appears 
that the dilatation alone is not sufticient to ticcount for the 
pulse, inasinucli as Dr. Parry could not, in the most careful 
examination, observe any dilatation in the artery; and Dr. 
BaiTy, having thrust his arm into the chest of a living horse, 
and laid hold of the aorta, found that it gave no pulsation, 
unless he compressed it. There can be iio doubt, however, of 
there being a certain degree of dilatation, for, as the blood is 
incompressible, there is no other way of accounting for its 
smooth equable motion through the capillaries. The sudden 
stiffening of the artery to aid in the transmission of the blood, 
must also be a cause. Between the jets the artery is flexible 

p li 
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und yielding, thcrrefare the finger presses it without difficuljty ; 
but when the jet conies, the contractile coat of the artery sud- 
denly acts, and converts it into a rigid tube under the fingar. 
Anoyier cause may be a slight change of place that occurs in 
such arteries as are bent or tortuous ; tlie gush of fluid will, fis 
we have before explained, attempt to straighten the curves, 
and the effect will be the throwing up of the artery from its 
bed. Tlie sort of vibration conveyed along the whole fluid 
must also assist, as we can convince ourselves, by filling any 
elastic tube with fluid, and exciting a motion in it, by tapping 
at one end ; it will quickly be conveyed to a considerable dis- 
tance. W e see, thus, that the pulse cannot he refeired to any 
single cause, hut that several must be considered in attempting 
to account for it. 

It now only remains tliat we should say a few >vords of the 
causes that led to the discovery of the circulation, and the 
arguments by which it is proved. This impoiiiint tact was 
discovered by the celebrated Harvey about the year 1620, and, 
we may say, resulted from adl\erenco to the principle, whicli 
in physical inquiries should never be lost sight of, that Nature 
does nothing in vain. Harvey, in the course of his luiatouiical 
researches, observed the fact, that the valves of the veins all 
opened towards the heart, but shut back so closely, as to resist 
the return of fluid, or even air, the other way; he at once 
decided that so remarkable a contrivance initst have some use, 
that that use was to admit the flow of the blood in one direc- 
tion, but resist it in the other, and, consequently, that the 
blood did not ebb and flow in the veins “ like the tides of the 
EUripus,” as had been the eld opinion. Some channel was 
now requisite to take the blood out to tlie body, tlic veins 
being only calculated to return it, and what channel so proper 
as the arteries? To put the matter to the test, he opened an 
aartery in the living body and out guslied the blood. So far 
was satisfactory ; the arterj^ contained blood, but what course 
was it taking ? He tied on artery, and it swelled at the siide 
next to the hc«pt, therefore its blood was coining to it from the 
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h^rt. He tied a vein and it swelled at the side remote from 
the heart, therefore its blood was returning towards the heart- 
He cut across an artery, the jet of blood took place from the 
heart-side ; he cut a vein, the Idood poured from the body-side. 
He showed that an animal would bleed to death, either from 
an artery or a vein, wliich clearly showed their communica- 
tion. Finally, he opened a cold-blooded animal, and obseiwed 
the whole process tliat he had thus beautifully argued out; the 
veins filled the auricle, the auricle passed the blood to the 
ventricle, the ventricle contracted, and sent its load through 
the wliole body, wlience it was again to return streaming 
through the veins. The proof was now complete, and entitles 
him to the glory of having worked out one of the most important 
discoveries ever made, by reasoning alone, without any mixture 
of accident. Little, we may say notliing, has been added to 
his demonstration; in fact it needs nothing, Malpiglii, Lceu* 
weiilioeck, and other microscopical observers, have seen the 
circulation going ou in the wing of a bat, the tail of a fish, the 
web of a frog’s foot, the mesenteiy, and otlier transpareut 
pai-ts; but this, of itself, would have been insufficient to prove 
the exact progress of the blood, and, indeed, without the pre- 
vious proofs, would have given us very impeifect notions. 
The discovery is peculiarly Harvey’s, in it he was botli original 
and complete. The jmssage of the blood through the lungs 
had l>ecn imagined by Servetus, a Spanisli pliysician, and tlie 
mixture of the blood and air in them, supposed to give birth 
to a vital princij)le. Ilis description occurs in his work, called 
Ohristiaiiumi Restitutio; but can no more be said to have led 
to the discovery of the general circulation, than tlie celebrated 
passage in Seneca to the discovery of ilie new world. 

With the humility of a Christian, joined to the spirit of a 
philosopher, Harvey continued his investigations into the ani- 
mal body; his researches were crowned with success, hut it 
docs not lie within our present scope to notice them furtJier. 
We may he allowed to express our regret that we have been 
depiived of the results of many o+’ these by the ruthlessness of 



214 


THE CIRCULATION. 


civil war. Harvey was loyal, as well as pious. He had shared 
the prosperity of his royal master, and Mdth equal readiness 
accompanied him iu fliglit and in adversity. His museum was 
plundered, and his preparations destroyed, by the parliament 
party, yet sufficient remained to enable hun to give the world 
his Exerdtationes de Generatimie Aimnaliuin, which illustrated 
in a new and striking manner the declaration of Holy Writ: 

Wonderful are the works of the Lord ; sought out of all them 
that have pleasure therein^ Harvey lived to see his doctrines 
triumph over all opposition, and died full of years and honour, 
A.D. 1658. 

[If it could be given us to trace the paths of an individual 
mind which lived before the appearance of literature and science 
in the world, and if we should observe that it had hikcn the 
right course towards truths which some after traveller has 
laid down with acknowledged accuracy, and which still bears 
his name on the great chart of human discovery, we might 
hesitate whether we ought to yield entirely to the last the 
envied evprjKa of research. This is no imaginary dilemma. 
There are few positions that so betray the weakness of partial 
opinions, and the illogical ground on which they seem to rest, 
than the discussions, as fatal to right feeling as to all true phi- 
losophy, that invariabl}^ follow every great discovery, and 
which have not left even revelation intact. No sooner liad 
Harvey, in 1628, published the facts of the circulation of the 
blood, than men discovered that in the writings of Solomon, 
Hippocrates, Plato, Aristotle, and Galen, they could read of 
the same facts and the same discovery. And undoubtedly they 
could do so to a certain extent; but they forgot to add that it 
w'as by the lamp of Harvey genius alone by which they were 
enabled to see in the lo('se analogies of the ancients the positive 
relations which he first unveiled. More than 2000 years had 
elapsed since the works of Hippocrates had been given to the 
world, yet no one hud found in his observations, or in those of 
any other autlior, the clue to this more than Cretan labyrinth, 
till Harvey published his Exercitatio Anatomica de Motu Cor^ 
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dis et Sanguims in Animalihus; and, were it possible to extin- 
guish the light whicli he sheds upon the past^ the shadows of 
truth that are now seen to chequer the pages of ancient litera- 
ture would once more be hidden from us, for all would become 
equally obscure. But happily this cannot be ; like the photo- 
graphs of Daguerre and Talbot, genius transfixes for ever 
shadows that pass over the minds of many, though none else 
have power to arrest them. 

Before we pass to the quotations wdiich at one time formed 
the texts of many a bitter diatribe, let us once more assure the 
reader that their authors were quite unconscious of that fulness 
of meaning wliicli later facts have given to theiar words. The 
following is the first step of error: — In an ancient work we 
find toords wliich express our ov\ti familiar ideas of some filter ' 
discovery, and we at once assume that the impressions of the 
wTiter were the same as those of the reader ; but words, which 
are vague, are the only medium and test of this relation ; and, 
amidst the multitude of metaphora necessarily used before 
inductive science taught realities, is it to b> wondered at, that 
a few, when taken apart from the eontekt, correspond to the 
fonn of expression of the facts themselves, since discovered? 
We shall find this to Iw the case in the present instance. Solo- 
mon, writing nearly .SOOO years ago, compares the heart to a 
fountain, the liver to a eisteni, and the cii-culation of the blood 
to a water-wheel ; and Hippocrates, 500 years lat^r, compares 
the circulation of the blood to the course of rivers, to the ebb- 
ing and flowing of tlie sea, to the revolutions of the planets ; 
now, is it philosophical to pick out these metaphors, unsup- 
jjorted as they are by a single fact recorded in the works from 
whence they are taken, and affirm that the ancients knew the 
circulation of the blood as we know it, and as Harvey first 
taught it ? The ancients knew that the blood moved, but all 
beyond that fact was metaphor. The anatomists of the Alex- 
andrian school of medicine, so late as the time of Galen, taught 
that the arteries were filled with air, and the very name of 
artery means I hold air. The following are the quotations in 
chronological order. 
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1. **Or ever tiie silver cord be loosed* or the golden. howl 
^ be broken, or the pitcher be broken at the fountain, or fha 

wheel broken at the cistern. Then shall the dust return to 
the earth as it was; and the spirit shall return unto God who 
gave ^i^^-^EecledaMes^ xii. 6, 7. 

The silver cord is the spinal marrow ; the golden bowl, the 
skull-cap; the pitcher, the heart; the wheel, the metaphorical 
circulation of the blood ; and tlie cistern, is the liver. 

2. “ The veins extended throughout the body exhibit life, 
and flux, and motion: many branches spring from one, but 
whence that one arises, and where it terminates, I know 
not ; for a circle being described, the beginning is not to he 
found.” — Hippocr{Ues. 

t* 3. “ The heart is the source of the veins and the fount of 
the blood, which circulates (Trept^fpo/xei/ov) through the whole 
body witli some degree of force.” — Plato. 

4. The blood flows through the veins, and tliese vessels 
receive it from the arteries .” — An ancient scholiast of Euri^ 
pides,'] 


Chapter IX. 

RESPIRATION. 

Respiration is tliat function by which tlie blood, exposed to 
the« action of air, is rendered flt for the nutrition of the body, 
and the stimulation of its several organs. Tliis exposure takes 
place in different modes in the different classes of animals. In 
man the lungs serve for tliis purpose; in fishes, gills; in some 
Buigular animals, as tlie proteus and siren, both lungs and gills 
occur; insects have neither lungs nor gills, but the body is 
penetiRled with tubes conveying air into all its parts, while 
lower still all these provisions are wanting, and respiration 
seems earned on by tlie skin alone. Tliis is an illustration of 
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the kw lately announced by M. Straus Durckheim, ‘^tliat in 
fbllowir^ any organ through the scale of animals, we observe 
it undergo a regular degradation before it totally disappears.” 
The function, liowever, is necessary in one mode or other, to 
every animal, a fact so well known as to have become & pro- 
verb, “ necessary as the air we breathe.” Spallanzani made 
numerous experiments on small animals, which he introduced 
under the bell of the air-pump, and found that they invariably 
died soon after he had exhausted it of air. Or if he placed 
them in circumstances that prevented the renewal of the air^ 
death also followed in longer or ’fchorter time, propoitioned to 
the quantity of air in wliicli they were encl(tted. In these 
cases the air was always found vitiated. One of its principles 
(oxygen) was gone, and in its place was substituted carbonic 
acid gas, which is fatal to life. 

Hales found that the same laws held respecting vegetables : 
they too died when tlie air was withdrawn, or vitiated the air 
with which they were enclosed. It appears, tlierefore, to be 
an universal law, that air is tiecessary to life. We must, 
therefore, commence witli a short accouilt of air, its composi- 
tion and jiropertics ; next, consider the mechanism by which 
its action on the animal frame is ensured ; this will lead us to 
a review of the rcspirati)ry organs in the different classes of 
animals, and their beautiful adaptation to each ; we shall after- 
wards consider the ciumges that have taken ])lace, both in the 
blood and tlic air, consequent on their being brought into 
apposition ; and conclude with some rtniiarks on voice, speech, 
and certain other pliienomena, such as laughing, sighing, flete., 
connected with our subject. 

The air is that invisible elastic fluid by which we are every 
where sun*ounded. It encompasses tlic eiirth like a shell*, 
probably to the heiglit of about forty-five miles. Its gravity^ 
tliat is, its attraction towards the centre of the earth, which it 
sliares in common Avith all other bodies, fluid or solid, pre- 

* The weight of this shell of air a** computed Ly ]>r. Thomson, in his system 
of chemistry, is 1,91 1,163, 227, 101,1118 pounds avoirdupois.' 
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vents it from flying away or yielding to the attraction of the 
snn ; while its ekbsHcity^ or the tendency of its particles to 
remove themselves from one another, saves it from felling down 
altogether to the earth’s surface, and condensing itself into pro- 
bably % liquid, or solid crust around it. The consideration of 
these properties of the air belongs more peculiarly to the science 
termed Pneumatics^ but their utility is evident in ensuring 
us an atmosphere proper for breathing. We are at pre- 
sent, however, most concerned with the composition of the 
atmosphere. By the ancients we know it was looked on as a 
simple body, and counted as one of their clementSy out of which 
they supposed tdl other bodies to be fonned. 

A series of beautiful experiments, however, have now de- 
monstrated the fallacy of this opinion, and the names of our 
own countrymen, Boyle, Priestley, Cavendish, and Black, rank 
high amongst those by whom the true nature and composition 
of the atmosphere has been tlisclosed. It essentially con- 
sists of two gases, oxygen and nitrogen, in the proportion of 
twenty-one measures of the former to seventy-nine of the 
latter, in every one liundred measures of atmospheric air. 
It matters not whether the air examined be brought from 
the highest mountains, or the deepest valleys, tliis propor- 
tion continues unvaried. There must, therefore, be a 
reason for this, and the reason is, tliat as.fer as the researches 
of pneumatic chemistry have gone, and no vscience lias been 
cultivated more diligently or successfully, there is no other 
gas, no other composition of gases, which could, coiisistently 
with health and life, continue to be breathed for any length of 
time. In addition to these two gases we find less than '01 of 
carbonic acid in every hundred parts of atmospheric air, yet so 
constantly found as to be looked on as a necessary ingredient. 
It would appear that this is not useless either, as the experi- 
ments of Saussure seem to show that the presence of a certain 
quantity of carbonic acid promotes the growth of plants ; and 
it merits observation, that at great heights the quantity of 
this gas is much diminished ; in fact, M. Mongez, who accom- 
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panied La Perouse in his last unfortunate voyage, could de-^ 
tect none ^f it in the air on the summit of the Peak of Tene- 
riife; but here w© know vegetation is at an end. In addition 
to these, the atmosphere generally contains watery vapour, 
exhalations of various kinds, occasionally odours, emanations 
from animal and vegetable bodies, and tmasmata, or contagious 
effluvia, which, though so generally allowed to be the causes 
of certain dist^ases, liave as yet defied all attempts to investigate 
their nature, or demonstrate tJieir existence, otherwise than 
througli the baneful effects attributed to them. These, how- 
evmr, as they vary in different parts, are considered as being 
only accidentally present in the atmosphere, ' which essentially 
consists, as we have said, of one-fifth oxygen and four-fifths 
nitrogen. Now should a man attempt to breathe nitrogen 
alone, he is quickly suffocated ; the nitrogen itself is not in- 
jurious, but causes death merely by preventing tlie eiitraaeo 
of oxygen. This pro])erty has induced the French chemists 
to give it the appropriate name of azote*. If, on tlie contrary, 
a person breathes pure oxygen, he seems under the influence 
of a too powerful stimulus. His pulse “increases in strength 
and rapidity: his breathing is accelerated: his fade becomes 
flushed; ho exhibits symptoms of high iiiflarnraatioii, which 
would supervene were the experiment continued. It is 
evident, then, that dilution is required, and it is an object 
that this dilution should he made with some gas, not in itself 
injurious to life. Of such gases there are hut two, nitrogen 
and hydrogen. But a mixture of hydrogen and oxygen is so 
violently explosive, that were the atmosphere composed of 
this, the fii*st accidental spark, the first attempt to light a fire, 
would have blown it all up, aud destroyed all the animals on 
the surface of the globe. Nitrogen, therefore, is alone proper; 
nitrogen, therefore, has alone been employed. Whether it 
may not have some further use in the atmosphere tlian a mere 
diluent, will be considered when we come to speak of the 
changes produced in the air by respiration. But another 
question now arises; one hundred cubic inches of oxygen 

* From ijrlvative, and life. 
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weigh about thirty-three grains, while the same quantity of 
nitrogen weighs but twent 3 ^-nine. Why then, ii^ may be 
asked, does not the oxygen fall to the bottom, or occur in 
greatest quantity towards the earth, while tlie nitrogen should 
mount up, and be found most abundant in the upper regions 
of the air? 1’hat this does not occur we have already stated, 
and we are assured of the fact by the analyses made of air 
btought by Gay-Lussac from a height of 21,735 feet, to wliich 
'lie had ascended in a balloon, and also of some brought by 
Humlioldt fi*om the top of the Andes. This uniform mixture 
of the component parts was at first attributed to tlie constant 
agitation produced by the winds, but this was ver^r unsatisfac- 
tory. The effect of the winds readies oul^' to certain heights ; 
during calms of long continuance no alteration is experienced 
in the composition of the air; and if air he confined in a tall 
glass tube, and kept perfectly' at rest for several months, tlie 
upper part will still be found to contain as much oxygen as 
the lower. 

Dr. Dalton applied himself to tlie consideration of tliis 
question, and the conclusions at w'hich he has arrived seem to 
us quite satisfactory". He observed that, if he caused tw "0 ves- 
sels to communicate by a tube, the one of which contained 
oxygen and the other nitrogen, a mixture of the gases s(-on took 
place, and that it seemed indifferent whether the heavier gas 
were placed above or below. He proceeded to generalize this 
fact, and found it to hold good for all giises, the lig liter in- 
variably descending through the heavier, while the heavier 
rose through the lighter. This was an appjirent contradiction 
of the laws of gravity', hut the contradiction was only ap])ai*cnt. 
It will be remembered wo mentioned another quality of gtiseous 
or aeriform bodies — elasticity'. This is the tendency' which 
the particles of a body have to recede from one another in coii- 
i^quence of a repulsive pow'er which they seem to exercise 
amongst themselves. It occurred then to Dr. Dalton, tliat 
though they thus repelled one anotlier, y'et that they' exerted 
no such power on the particles of any other body ; and thi^ 
simple supposition resolves the whole difficulty'. For suppose 
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iliat, first, the world were surrcmnded by an atmosphere alto- 
gether of nitrogen, it is evident this would expand itself into 
space in the same manner as our present atmosphere, that S, 
until its further expansion were checked by sUch causes as 
cold or gravity. Now between the particles of this atmoSpliere 
of nitrogen, there would exist spaces which the mutual re- 
pulsion of the particles picvented them from occupying. If, now, 
a quantity of oxygen were let loose at the surface of the earth, 
it would rise into all those spaces, inasmuch as its particles 
would suffer no repulsion from the particles of the nitrogen, 
and would proceed to diffuse themselves almost as if no nitro- 
gen were present. The relative proportions, therefore, of tlieae 
gases at any given heiglit, would always be the same, being 
the result of a common law, that the expansion of gases is 
measured by the diminution of pressure. 

Dr. Dalton’s tlieory is, therefore, pretty generally received; 
but whatever may be thought of this, the fact is undoubted, 
that the composition of tlie air is uniform at all heights from 
which Jis yet it has been brought, and that this composition is 
in the best proportions for the support of animal and vegetable 
life. In continuation of this last assertion, we mAy add that 
the same elements, viz., oxygen and nitrogen, in different pro- 
portions, produce vitrovs that singular gas the inhalation 
of which for a few moments will produce temporary intoxica- 
tion ; or, if the oxygen be still further increased, even nitrous 
or nitric acids, which rank amongst the strongest corrosive sub- 
stances wc know, and would be instantly fotal if adntitted 
either into the lungs or stomach. 

We shall notice but one more of these aerial harmonies or 
adaptations of the air to our necessities. It is tliis, that its 
component parts are so loosely combined that any body wluch 
possesses an attraction for oxygen removes it as easily as 
though it were in a state of purity. Thus, iron exposed 
quickly rusts^ that is, combines with the oxygen of the air, 
rust being merely an oxide of iron. The same may be said of 
the other metals that rust, corrode, or tamfeh by exposure; 
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words e^tpress noUiingmore than the combination of such 
petals with oxygen. Oxygen is also required to combine with, 
ur in some manner act on the blood so as to change it from 
Tenons to arterial, but were tlie oxygen strongly attracted, or 
held,* by the nitrogen, we could not expect it to Ikj separated 
during the short period it is allowed to act on the blood in the 
lungs. We are able to iUiistrate this by wliat actually occurs 
to fish. They breathe, not water, as is commonly supposed, 
but a quantity of atmosplieric air which is constantly held in 
solution in water. If we exhaust the water of this air by 
placing the vessel containing it under the receiver of an air- 
pump, a fish placed in such water under such circumstances 
would die ; the fish wovM he drowned. Y et there is plenty of 
oxygen aroimd it, for water is composed of oxygen and hydro- 
gen, hut they are in a state of such intimate combination that 
the fish’s gills cannot decompose them so as to apply the oxy- 
gen to the arterialization of its blood. How many jirovisions 
necessary before we could make a single available respiration I 

Now, to consider the oi^ans by whicli this air is made 
useful to our existence ; for ns solid and liquid nutrimeuts are 
taken into the stomach, certain parts of them employed for 
the support of the body, and the remainder which is useless, 
cast out; so, gaseous food, that is, the air wo breathe, is taken 
into the lungs at each inspiration, undergoes certain changes 
there, and when returned by expiration is frund deprived of a 
portion of its constituents which have been applied to the 
uses of the system. 

In man and the higher order of animals, such as quadru- 
peds, the lungs are always contained within a cavity called 
thorax or chest. This we consider as extending from the bot- 
tom of the neck to the top of the abdomen. It contains the 
Jungs and heart, organs of the highest importance. It is, 
therefore, fenced round and defended with much care and 
foresight, having behind, the back-hone ; in front, the breast- 
bone; and, round the sides, the ribs, which run from one of 
these to tUie other; being of a rounded or bowed form, whidb 
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&II0W6 free space for the expansion of the lungs, and Is tlte 
cause of the general shape and oulline of the chest. It ^^ill ^ 
necessary to say a few words of tlie structure and mechanism 
of («ch of these parts. The term back-hone, which we have 
hitherto used with a view to being understood by general 
readci's, is really incorrect, inasmuch as the part so designated, 
consists of twenty-four distinct bqnes, to which the name verte- 
bra is given. Between each pair of tliese a plate of elastic 
cartilage is inserted, and the whole structure thus built up 
possesses two qualities which no single bone could have had ; 
it is flexible, so as to accomodate itself to all the motions of the 
body in twisting, turning, stooping, &c.; and it is springy, 
tliat is, it is capable of yielding A little at each joint and again 
recovering itself, so tliat any jar caused by leaping from a 
height on the heels becomes divided and diminished in its paj*- 
sage along tlie spine, and is thus prevented reaching the brain, 
where it might do injury. Of these twenty-four vertebrae, 
seven belong to the neck, and are named cervicai; twelve to 
tlie cliost, and fixim being situated at its had part, are colled 
dorsal; the remaining five aro in the loins, and thence termed 
Imihhar, To (*ach of tlie twelve dorsal vertebra? corresponds a 
rib which fits on it by moans of a round head resting in a 
shallow cartilaginous cup placed on the side of the vertebra, or 
rather between it and the one immediately above it. The rib 
thus is connected with the spine by a regular joint allowing 
motion, and we have the never-failing accompaniment of such 
a structure, the membrane secreting joint-oil. Setting 

out, tlicn, from this point, the rib is curved round the side so 
as to gain the Irout of the body; but beside this curve forward, 
it lias also an inclination downwards, the consequence of which 
is; that any force tending to draw it uj) wards draws it at the 
same time outward^ and so enlarges the capacity of the cliest. 
The seven upper ribs ijossing round arc directly connected 
with the breast-bone by means of pieces of cartilage continuing 
them into little sockets along its sides ; while the five lower 
have no such connexion, but run their cartilages each to the 
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TiV them, fczrmi:^ a retiring margin which any one tnay 
feel in himself, sloping away from the bottom of the breast^ 
bone, round the sides of the belly, towards the back. These 
^Te ribs are called false. Perhaps, as we write for peraons* 
who Inay not have an opi>oi!!(;unity of examining a skeleton, it 
may not be unneonssary to say, tlmt the number of ribs at 
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B B iB the hftch-bone; B & the tiernum, ot bi«&fit>bono; C the clavicle, or collar- 
theeMqntto, or bjUtido4»oQe. The ribs arc utambered fn^m above 
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’fhe w4iiiiNkQtirwB 

of^wlieviag umtai has one nh inoieafc Ins i)gi»t Me 
hie hsft, hee tdeen frioa n haety of the euxmittk* 

aftitendihg the erection of woman. It is ^Mib 

the aoeomption is quite gratuit<|B% fear we know that nuod > 
who has had at leg xamonred, for instaiiae, may afterwexde 
have a chijd bom with tlj^e nsi:^ proportion of members; 
most horses have taUs yet we never saw a foal 

bom in this condition. 

SdcV are the bony ohMt in the inte^als 

betw^il^p xib||aild Oonnedmg them togei^r, are placed^ thO 
muscleirdilled Tne contTaeti(iti of these will evi- 

dently tend %^w th^ jibs toihrds one pettier, and as 
first rib is thl moat fixe(!llfthe motio& is made in that direcHon/ 
Above, iheoe ^ no dhfUjnct partlti<m between the elj^t and * 
neck, bnt it^is nMaal to a|y» tha former bci|ln8 a»i the latm 


ends at the |gpt rib- Below, nowerOr, the chest is >^h||riy aaid 
perfectly dMdjed from the aWomen, by the muscular partition 
before alluM to» and known by thi name o||rmid]iir dia- 
phiagin^. This slngnhuji^innscle passes Jike ap atch ovhr the 
contents of the abdomen^ descending, bowevei^^ much farther 
behind than before, ^tsoonvwty is directed umprde the 
chest, so that its contmetioortending to draw W dotW^Wards 
and more neatly to a {Aane surface, must^evidanUy mlAp thp ^ 
capacity of ^e chest and dimmish that of the abMmW^ Any ^ 
person maf obtairt^ good idea of this musel^ ix% 

himself a Vaulted partitlbn stretclimg p<p||plet|h^ across his 
body, attached in front where he oen flsel t^e t 
his breast-bonsj^ jfrom th^ sdopg th^ sides, td * 
the ribs, and bohSad td ^ down aa fhe 1 

loins. Prom th6l:ndwle^Se ha|^eady obtained, (sup 
him to have read through otir previous chapters,) ib^wijl. 
strike him that this partition tnnet have sejme openii^ intt to 
give passage to parts that run from the to thd nbdomei^ ^ 



a Dktg^imn, a l»otVo«ai fWm 

shut up. ^ 
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Of 9iae verad, Ajad ha would be perfectly right. The guUe^ 
rux^ from the ixiouth along the back part of the chest to the 
stomach, which is in the abdomen ; it therefore penetrates tl^e 
partition, and a dbtinct hole is left for its passage. The aorta 
also, Carrying blood to the abdomen and lower extremities, 
must pass through this partition, and a second opening h> left 
fur it : of tliis opening the thoracic duct takes advantage to pass 
up, conveying the chyle to tlie vein which is to pour it into the 
heart. But a tliird aperture is necessary, for the vena cava 
must bring bock to the heart tlie blood which the aorta took 
out. Tlxis tliird aperture accordingly exists: — ^in short, reason 
never evinces a want for which examination does not produce a 
corresponding structure ; and this it is, tJiat makes the argument 
taken from the evidences of design so perfect and irresistible. 

The diaphragm, by its contraction, enlarges the chest ; the 
consequence oi this is, that a quantity of fresh air rushes in 
from without to fill up the space thus left. We must, of course, 
next examine the p^issage through which it enters. This is the 
wind-pipe which we cun fi*el distinctly running along the 
centre-line of the neck, and placed in front of the gullet. It is 
a round tube, liaving at iutei*valb little cartilaginous hoops, tho 
object of which is to keep it constantly open. At its sinumit, 
is placed the larynx^ which we shall describe more particularly 
when speaking of the organs of voice. At present, w^e are con- 
sidering it merely as the pipe or tube through which air passes 
to the lungs. Arrived at the bottom of the nock it divides into 
two branches, one going to each lung, and, before long, these 
further subdivide, the one going to the right lung into three, 
because the right lung has tlirea lobes ; the one going to the 
left into two, because the left luug has but two lobes. The 
cause of this difference is supposed to be that thelieart, lying 
at the left side of the chest, occupies the space which at the 
lig^t side is filled by the third lobe. 

Aft® this, tho divisionB and subdivisions of these bronchial 
tubes^ aa they aire called, become exceedingly nuinerouB, and 
after they have attained a great degree of fineness^ they texxni- 
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nate in little rounded sacs, something like hunches of cuttttnts 
mt the end of the stalks. The number of these terminating aacs> 
or <!5ells, has been computed by Keill at 1,744,000,000 in each 
lung; and Lieberkuhn,mtli equal exaggeration, makes thdr sur- 
face equal to 1500 square feet. BUt without attempting to settle 
this point, let us rather consider the structure of these tubes 
and cells. The hcrt^-like cartilage'? of wliich we have spoken 
do not pass quite round the windpipe, but form about two* 
thirds of the circle, their extremities being connected by mus- 
cular By means of tliese fibres we are enabled to con- 

tract the tube, wliich is of use in biinging up phlegm, as the air 
expelled from the lungs by coughing or hemming must pass 
with more force in proportion as the passage is narrower. > 

Their situation, also, is an evidence of foresight: — they 
ai’o placed behind where the windpipe is in contact with 
gullet, and v here, therefore, cartilaginouB rings would be an 
iinj)i‘diment to swallowing ; while these latter occuj>y the front 
and sides of the uindpipc, vliei*e they supj>ort it against atmO' 
spheric pressure, and ('nable it to resist the tendency to collapse. 

The cartilages become less evident as the bronchial tubes 
become smaller, and at last entirely disappear; theip place 
being, it is said, ucenpied altogether by muscular fibres. The 
lining membiane of these tubes is of the same description, and 
furnibhed in the same manner as the lining membrane of the 
alimentary canal. The skin, turned in, as we have seen, over 
the lips, alters its qualities, becomes a mucous membrane, fur*- 
nished with glands, and moistened -with a constant seci'eti on; 
it enters the tliroat, one division passing down tlie gullet to the 
stomach, while the other lines the windpipe and ^oes on to the 
lungs. It is this membrane which finally forms the minute 
air-cells in which th(»se tubes terminate. Around these tubes 
wind the capillary branches of the pulmonary arteiy, bringing 
black blood from the right side of the heart, the air taken into 
the cells readily acts on it through their delicate membranous 
ddes, the blood is reddened or arterialfred, and so passed on t 
the left aundo : — this is the pulmonary oircula^on* 
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The-lun^?s themBelves are two spongy, light, expaiikdiiig 
bodies, composed of a number of these minute cells conneoted 
together by cellular membrane, and surrounded by ramifications 
of blood-vessels, constantly in close apposition with the sides of 
the chest, and only separated from them by the pleura^ serous 
sacs, whicli by one surface invest the lungs while, by the other, 
they line the inside of the ribs. From this description, it will 
appear that the air-cells have no direct communication ampngst 
themselves, nor with the cellular structure by which they ai’e 
surrounded ; their only opening is into the bronchial tubes, 
Such a communication ma}?', however, be made imnaturally, and 
is generally the result of violent straining or exertion, made when 
the air-cells are full. Under these circumstances, a rupture of 
their sides may occur, and the air which they contain will be 
diffused in the cellular membrane pressing on the air-cells in 
the neighbourhood. Now since this air may increase at each 
inspiration, while from its irregular situation it cannot be so 
easily expelled during expiration, we see that the pressure on 
the air-eclls may at length be so great, as to shut them up and 
render that part of the lung useless. This is a foim of disease 
not very uncommon, and it occasional!}^ results from long 
playing on wind instruments, such as the tniinpet, which 
require much air to be kept in the chest. When it occurs in 
horses it generally results from their being run too hard, and the 
animal is smd to be broken-winded. ^J’he possibility of such 
rupture taking jdace sliould always be carefully kept in mind 
when attempting to resuscitate a person after drowning. 
Forcing in air too fast, and with too much violence, will inevit- 
ably break up these fine cells and the vessels that surround 
them, and so render revival impossible. 

The lightness of the lung results from the quantity of air 
contained in its substance, and this is so gi’eat, that the lung pf 
a person who has once breathed, will not sink in water. In 
the foetus, however, in which respiration has never taken 
phu^ the lung is a tliick fleshy body, with its little cells closed 
up, so that it readily sinks. This, in the case of inquests held 
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<m. dead infants, whose bodies bore no niark of violence^ has 
enabled the medical witness to testify whether or not i^iej 
had been still-born. It is necessary, howeve% in such cajs^ 
ascertain that putrefaction has not set in, as this, by the disen^ 
gagement of gases, might cause the lung to swim, thoii^h the 
child had never breathed. 

Let us suppose an empty bladder placed inside a bellows,^ 
with its neck fitted tightly around ^Ihe inner opening of the 
pipe. If now we lift the upper side of the bellows, closing the 
aperture, which is in the under-leaf, air will rush in thi^ough 
the pipe, and fill the bladder. But if we let go, the upper lid 
will gradually descend, forcing the air out of the bladder until 
it is empty as it was before. This almost describes the me- 
chanism of respiration. The lungs are not a bladder, but a 
collection of many bladders (the air-cells), each communicating 
througli the bronchial tubes with the wind-pipe. The sides of 
the bellows are the diaphragm, and the ribs with their inter- 
costal muscles. When they act, the ^capacity of the clieat ifi 
increased, the diaphragm sinking down into the abdomen, and 
the intercostal muscles raising and drawing outwards the ribs 
and breast-bone. To fill this enlarged space air rushes in 
through the wind-pipe and distends aU the little bladders^ 
this is inspiration. The muscles then cease to act ; they let 
go, and the elasticity of the lungs coming into play, caus^ 
them to expel the air that had been taken in ; the diaphragm, 
following the lungs as they shrink, retires again into the 
chest ; the ribs fall inwards to their old situation ; this is.eS' 
pii-ation. The elasticity of the lungs is not, however, totally 
unassisted in expelling the air ; 'we must allow something 
the elasticity of the cartibrges, by which the ribs are joined to 
the breast-bone, and which, having been unduly thrown up 
during inspiration, will, of course, react and press on the lungs 
in expiration. We thus see that there is more active, exertion 
in inspiration, which depends for its performance on muscles, 
while expiration, like the closing of the bellows, is, in a great 
measure, passive. 
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If a part of walls of tlie chest be cut away, so as to 
leave the lungs exposed to a certain extent, req)iration can no 
longer go on at t|Mit side ; for now the air admitted to press on 
the surface of the lung, counterbalances that wliich endeavours 
to fin3 its way through the 'wind-pipe, and dilate the Inng, 
therefore these powers being equal, the elasticity of the lung 
rem^s without any antagonist, and therefore caxises the lung 
to collapse and shrink gainst the back of the chest. Tliis 
collapse is more complete, if the lung bo opened during life, 
than after death, whence some have conceived that, in the 
former case, the elasticity must he assisted by certain very 
minute muscular fibres, which they suppose to surround the 
air-cells. This opinion was maintained at some length by Dr, 
Willis, in opposition to Etmuller, and he even went so far as 
to say that their existence was demonstrable by the assistance 
of a microscope. His eyes, however, must have been sharper, 
or his glasses better, thfin those of the present generation. 
Reisseisen, who has, in our days, supported this opinion in a 
most admirable easay on the structure of the lungs, endeavours 
to make it good, rather by argument than an appeal to the 
senses ; and he principally sxipports Iiimsclf by the fact wc 
have mentioned, of the more evident collapse during life, and 
by Vamieris experiments, in which a notable contraction 
occurred on the injection of stimulating fluids. TJiese we 
cannot consider satisfectory proofs ; the muscles of the bron- 
clual tubes would contract when irritated and draw down the 
lung with them, and, as to the different extent of collapse be- 
fore and after death, even Sir Charles Bell, the great advocate 
of muscular fibres, whenever they can be “ seen, felt, or under- 
jstood,’’ admits this difference between living and dead elasti- 
city, that in the former the resistance is perfect, while in the 
hitter it is incomplete ; and lie happily exemplifies liis opinion 
by referring to the Umng elastic ligament in the neck of a horse, 
which, however often strained, always resumes its original 
dim^usions, and, on the other hand, to the dead elastic string 
of a harp, which, on being stretched, yields, and requires to he 
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screwed np afresh to bring it to its proper tone. The asonont 
of this elasticity, or the force by which the lungs themselves 
assist in expiration, and antagonize the efforts of the diaphragm, 
has been investigated by Dr. Carson, with his usual ingenuity, 
in a paper read before the Royal Society in 1820, and* to he 
found in their Tramcidions for that year. His apparatus was 
extremely simple. 

An oblong glass globe, 
containing nearly two 
quarts, liad tubular openings 
at each end a and b. A 
glass tube, nearly tliree feet 
in length, and bent at one 
end, was joined by the bio w- 
jnpe to the opening at b, 
and is represented by bc. 

To the other opening at a, a 
shorter tube was joined in 
the same manner, and in the 
form AD. A free passage was established from d to c, where 
the tubes were both open. To n a piece of the dried gut of 
some animal was bound, of a few inches in length. The other 
end of the gut was fixed to a cylindrical tube of bone, metal, 
CMT wood, also of a few inches in length, and of a diameter cot^ 
responding with the diameter of the wind-pipe of the animal 
which was to be the subject of the experiment. The wind- 
pipe of an animal, which had been recently killed, was divided 
across near the throat, the cylindrical tul)e of bone was inserted 
and tied so tightly, that no air could pass between the extemai 
surface of the tube and the internal surface of the wind-pipeu 
An open and secure passage was thus established betwe^ the 
glass apparatus and the wind-pipe, and, of course, the lungs of 
the animal. Water was then poured into the apparatus at c, 
until it stood in the upright tube c b, at a certain height above 
the level of the water in the glass globe. The apparatus waa 
now prepared for use. Some of his earlier experiments failed^ 




232 




either in consequence uf the lungs being rounded, or the globe 
too small, or the tube not sufficiently high, paiiicularly when 
the laig^ aninanla were examined. Having taken much care 
to obviate all these accidents, he at length succeeded fully in 
the ^iAlhi^ng experiment. On the 31st of October, 1817, the 
apparatus was applied to the trachea of a dog, which had been 
hanged on the preceding day. Water was poured in until 
it stood in the upright tube, at the height of six inches 
above its level in the globe. By incisions made at both 
sides air was cautiously admitted to the surface of the lungs. 
The water ascended instantly about an incli in the upiight 
tube, and the lungs were found to have receded from the open- 
ings. Now the atmospheric pressure on the surface of the 
lungs exactly counterbalanced that on the surface of the water 
in the tube b c. These powers may, tlierefore, be taken away, 
and there will remain the weight of the column of water in 
B c, above the level of the water in a b, tending to press the 
air in the upper part of a b into the lungs, and, on the other 
hand, the elasticity of the lungs tending to drive back the air 
which they contain into a b, depress the water in it, and con- 
sequently raise that in b c. This, as we have seen, occurred in 
the present experiment. The conclusion, therefore, was that 
the elasticity of the lungs of a dog was able to overcome the 
pressure of a column of water, six inches in height. Water 
was now added, until its level in the tube above tliat in the 
globe stood at the beiglit of ten inches. This degree of pres- 
sure seemed equal to the elasticity ; the water in the tube con- 
tinued steadily at the some height, and the lungs continued 
fully dilated. “ The appearance which the lungs exliihited 
in this situation was novel and Interesting, and w^aa, no doubt, 
the same which they would have exhibited in tlie living body, 
had it been possible to bring them into view. ITieir surface 
was smooth 'find polished, and their edges rounded, without 
any of tliose corrugations and sharp angles which they usually 
exhibit. Their colour was red, and life-like. They felt firm 
to tlie touch. The heart appeared like a bird nearly covered 
by its nest.’* 
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From this, and a numbor of similar experiments, Br, 
Carson has shomi that in calves, sheep, and in large dogs, the 
elasticity of the lungs was balanced by a column of oswiter, 
varying in height from one foot to a foot and a half ; and in 
inbbits and cats by a column of water, varying in heighf from 
six to ten inches. From a defect in the apparatus, ^the extent 
of the power in question could not be ascertained in the lungs 
of oxen and animals of their size, but it was proved to exceed, 
considerabl}’’, the force necessary to support a column of water 
a foot and a half in height above its level. 

In all this, it will be observed, there is nothing said 
muscular fibres, elasticity appearing quite sufficient for every- 
thing that is to be done. It is a good general rule in phy- 
siology, to believe what your senses prove to you; and as no 
one has ever seen these fibres, so neither do we see the neces* 
sity for them; wo must, therefore, allow their existence to 
remain (as far as we are concerned) in doubt. 

The general shape of the lungs in man, and the* other 
mammalia, is adapted to that of the' cavity which contains 
them. It may, therefore, be described as conical, the smaller 
extremity situated towards the neck, the base large and con- 
cave, to adapt itself to the diaphragm, while the intermediate 
surface is full and rounded, to fill the hollow space comprised 
within the ribs. In birds, however, it is far otherwise. The 
lungs are small, oblong, fleshy bodies, situated close up against 
the spine, where it is quite immoveable. Such bodies, it is 
evident, would never answer for the abundant respiration re-" 
quired by animals so rapid, impetuous, and incessant in 
motion. They are, therefore, connected with laige thin sacs 
made of a very fine transpai'ent membrane, which pene- 
trating, not only into the chest and abdomen, but beneath 
the skin into the cavities of the bones, and even into the 
tubes of the feathers, at once serve to render the animal 
light and buoyant, and afford most extensive surfaces upon 
which the blood may be exposed to the influence of the 
air. It is evident that a diapliragm could not have the sama>' 
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effect in these cells with air, as it cxercjiseR over the 

lungs of mammalia. The consequence is, that as it could not 
be cf |iae, it does not exist. Perhaps it will be more proper 
to Bar that a thin membranous partition, occupying its place, 
is to bll^und over the lungs of birds, Jut in general it has so 
few muscular fibres, that it can scarcely be considered as 
having any power of contraction, or exercising any influenco 
over respiration. In the ostrich, however, and the cassowary, 
birds that never fly, those fibres become distinct muscles, 
attached along the ribs, and ascending towards the limgs, the 
inferior surface of which they border by a large firm membrane, 
in which they terminate, and which forms a continuous 
vaulted connexion, approaching so nearly the nature and ap- 
pearance of a diaphragm, as to form an evident link between 
the respiratory systems of aerial and terrestrial creatures. This 
fact, for which we are principally indebted to the researches 
of the old Parisian dissectors, is exactly what sound reasoning 
would have led us to conclude respecting animals, which by 
structure belong to one of these classes, while by habit they 
are more allied to the other. Birds being thus deprived of the 
diaphragm, at least as an eflBcient organ of inspiration, wc 
must consider how its place is supplied. And in examining 
the bony walls of the chest of birds, we perceive that the 
separate vertebrae of the spine, which in our backs are so 
pliant and flexible, readily yielding to every motion, no longer 
retain this property, hut are hound together by firm lateral 
ligaments, so as to he perfectly stiff and immoveable; bome- 
times even the spinous processes grow mg completely together 
in the form of a ridge, so as to convert tlie vertebrae into a 
single hone. Now, as muscles only given for motion, they 
would be of no use here, and every one knows how completely 
.l)are of is the back of a bird. The reason of this inflexi- 
bility is next to be sought, and it readily occurs, that ns mo- 
tion, to he effectual, must be made from a resisting point, and 
as the motions of the wings in flight are extremely i>owcrful, 
it was necessary that the spine which is placed between them 
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Bhould possBBB this quality. Were any confirmation of this 
idea requisite, it is to be found in such birds as do not fly, in 
whom the spiue still continues moveable. 



• Bkelcton of Dird. 

Tho right wing has been cut away, In order that tho direction and 
joining of tho nbs may bt soon. 

Equally remarkable changes are to be found in the ribs, 
which the preceding sketch will assist us in understanding 
more dearly. We liave already mentioned that the ribs in 
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our chest do not pass completely round from the ^ine to the 
breast-hone^ but are connected in front Mith Ike latter by 
meax^ of elastic slips of cartilage, and we have had occasion to 
retnm some of tlie advantages derived from this elasticity. 
But^dld the same provision exist in the eagle, which cleaves its 
way through the air with such rapidity as to disappear from 
our view, in a clear atmosphere, in less than three minutes, or 
darts from the cliff with the rapidity of lightning to seize its 
prey that our eye can scarce distinguish beneath ; would there 
not be an evident danger that the air removed with such im- 
mense velocity would exert such a force as to press in the 
breast-hone, and the ^^ielding cai-tilages on which it rested, and 
so impede or interrupt the function of respiration ? To guard 
against the possibility of this, the cartilages are taken away, 
and their place supplied by solid bone. These bones, o, pro- 
ceeding from the sternum, go to meet the ribs, arising from 
the spine, but not directly ; they meet, as may he observed, 
at an angle, and at this angle is formed a joint. The open- 
ings of these angles all look towards the head, iletween 
the bones pass, as in us, the intercostal muscles, and as tlieir 
fixed point is above where the fiircifomt hone (commonly 
known os the merrythought) and the largo processes from the 
blade-bones run to join the breast-bone, Sy it is evident the 
action of those muscles will be to draw the ribs forward. 1’his 
will necessarily enlarge the angle at their joinings, in conse- 
quence of which their extremities must become more apart ; 
therefore the interval betw ecn the breast-bone and spine will 
be increased, which, as the latter is immoveable, can only be 
done by thrusting down the former to the line indicated. But 
the breast-bone lies just around those large air-sacs which we 
have described os situated in the cliest and abdomen, therefore, 
when it is depressed, pressure is taken off these, room is given, 
and fresh air must rush in to fill it. In doing this it passes 
through tlie lungs, which are the onl^ channel of communica- 
tion between the wind-pipe and these cells. 

Such is th* mechanism of inspiration in birds. Expiration 
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is still m&;i|o sunply performed^ depending chieflj on tlie 
muscles of t^e belly, wliich being attached to tjie lower ex- 
tremity of the breast-bone draw it up again towards tho verte- 
bral column, the interoobtal muscles, at the same time, dlasing 
to act. Some slight assistance may also be derived ^nf the 
elasticity of the lungs. The view given by the French dis- 
sectors, though now a century old, is one of the most accurate 
we have of these i)eculiarities of tho respiratory ^stem of 
birds. 

John Hunter was of opinion that the principal use of the 
air-cells was to serve as reservoirs of air, in order that there 
should be tlic less frequent necessity for respiration during 
rapid flight, when it might well be sujjposed to be accomi>auicd 
with pome difticulty. lie also thought it might be the means 
of pennitting such vast continuance of song us birds can, pour 
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t, the wind-pipe ; e e, the fleshy lungs; 1, 3, tho large alr-colls, into which 
tho air passes through the holes, gg g, a, the heart; 6, the stomach; 

Cj the Intestines; OU onolos^ in, or surrounded by, air^ccUs. 
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out without an interval for hreathnig. The same a^<^tiire is 
to be fbund jn veptiXea, and in them o^tomly fbspiration is 
very Bare and tmfreqnont. The idea also of its ^ivin^ light- 
BtBS, fk eonsoqnencc of the air in these cells being rarefied by 
the heat of the body, has been Suggested. The swimmiDg- 
hladder of the fish is much more obviously for this purpose. 

It would appear that birds have tlie power, by closing the 
glottis, of forcing air into those cells, and swelling out the parts 
in which they lie. This is more evident when the cells are 
placed immediately under the skin, and is generally a mark of 
passion, as appears clearly in the turkey-cock, the pouting 
pigeon, &c. It is extremely visible in the breast of a goose 
when she cackles. To show the universal communication of 
these cells, John Hunter succeeded in nraking birds breathe 
through an oi>ening in the thigh-hone, the shoulder-bone, and 
the cells of the belly, after he had completely tied up the 
wind-pipe. These singuLir experiments will he found recorded 
in vol. Lxiv. of the Philosophical Transactions, 

Birds, wo thus see, hi*cathe principally by the assistance of 
their libs; beasts by the diaphragm; but when wo descend 
still further, and come to eibmine certain reptil(*s, of the frog 
and tortoise kind, we find tliat they have neither diaphragm 
nor ribs, or have the latter so short or so firmly fixed as to bo 
of no use in eiilargingthe cavity of the chest: how' tlieiido they 
hreathe? They swallow air. 

A frog, when it wishes to make an inspiration, first shuts 
its mouth. It then, by the action of the muscles of its throat, 
causes a vacuum in this part, to fill which air immediately 
enters through the nostrils. Having gotten the air thus far, 
holding its mouth still closed, it proceeds to prevent its return 
through the nostrils by means of a valve, as Cuvier says, or, as 
this valve has never been clearly made out, by the back of its 
tongue, as Cloquet suggests. At the same time it contracts 
the muscles around the passage of the stomach, and then 
presses on the air, which is necessarily driven down to the 
lungs through the wind-pipe, the only course now open to it. 
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Theoe lungs are composed of a number of large air-cells, and 
nm down inlo the belly of the animal, by iho musolCa of wbich 
they can be completely emptied of air* It has been said thibi 
power is of use to frogs wlien they dive, as it enables tO 
diminish their hulk, and increase tlicir specific gravity. The 
action of the abdominal muscles on the lungs is at once evi- 
dent, when we open a living frog, by removing these muscles, 
for then the air-cells swell up, and remain permanently 
dilated, the animal having no longer the pow’er to empty them. 
This also shows that the elasticity of the lungs in frogs is very 
weak. From the mode of inspiration above described, it is 
evident that, to smother a frog, notliing more is necesscBiry than 
to keep its mouth constantly open. 

In the other orders of reptiles, the lizard»and serpent hind, 
respiration approaches more to that of birds, being cluefly 
performed by the ribs and muscles of the belly. In hoards 
particularly, the ribs are composed of two parts^ united at an 
angle, exactly as occurs ia birds, and it i > by the opening of 
this angle that the chest is enlarged. Of this order is the 
chameleon, the lungs of whicJi are so extensive, that when 
they are idled, the body of the animal a}>pcars transparent. It 
wis from this that tlic ancients fabled this annual to live on 
air : we now know that it is on expert insect-catcher, and has 
a tongue admirably adapted for tJie purpose. Its faculty of 
changing colour seems also connected with this organLfiation, 
and we can readily conceive the variety of shades according as 
tlic animal is more or less inflated, sends its blood in greater or 
less quantity to the surface, or has that blood more or less 
perfectly coloured. For respiration in these animals is by no 
means so necessary, or so equally performed, as in birds and 
mammalia. They appear to have it more under the control of 
the will; they can abstain from it for a considerahle time, 
which, however, seems to he influenced by external circum- 
stances, such as temperature. The most remarkable instance 
of this is the torpidity, or h^hemaiion as it is called, of these 
nyifmftlfl duzing the cold season of winter, when they may be 
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to lie for an hour together^ without making a single 
in^iiationi their heart, meanwhile, scarcely heatings their 
senses' all buried In deep sleep, and their state differing but 
little {com de^h* No sooner, however, does spring with its 
genitd warmth return, than tliey acknowledge its vivifying 
iniluenoe, and emerge from their lioles and caverns till again 
tvamed to return by the dull autumnal blast* 

Another remarkable fact connected with this class of ani^ 
mals is, that some of them undergo metamorpkogeSy represent* 
ing, at the commencement of their lives, animds inferior to 
themselves in the scale, and appearing only to arrive by de- 
grees at their full and proper devdopement* Thus a frog, in 
its tadpole state, is an aquatic animal — a iish ; and Kke ffshes, 
it has a tail and breathes gilk. This species of respiration 
we flixall explain below. After, however, passing some time in 
this state, its tail disappears, its gills me absorbed^ lungs are 
developed, limbs spring from its formerly smooth body, it 
leaves the water and comes on land; it is no longer aquatic but 
terrestrial, no longer a fish but a reptile. During these trans- 
formations, corresponding changes are going on within, and it 
is a beautiful instance of prospective design, to observe how 
the littla branches, a2>parcntly nselcas, that S2)ring from the 
trunks going to the gills, gradually enlarging, draw off the 
blood more and more from the circumference towards the 
centre,, till at last, when the gills have finally disappeared, all 
the blood which used to go to them is found to have passed 
into these new channels, which united togetlier, constitute the 
great aorta, or trunk, for the nourishment of the whole body. 
The influence of external circumstances in retarding or acce- 
lerating this change is extremely' curious. By a well-conducted 
set of experiments, M. Edwards showed that it was hastened 
by nourishment, heat, light, and the free access of atmospheric 
air ; on the contrary, it was delayed by cold, as tadpoles, born 
late in summer, ore not transformed until next summer or 
spring ; also, tadpoles placed in a box, to which the water hod 
free access, and «unk some feet in the Seine, never became 
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fjpogs, but grew into gigantic tadpoles ; Wliile otber^ takeft at 
the same time^ and placed in vessete supplied' daily with the 
same water, had undergone their proper <dtangts. The only 
wants, in the former case, were light and atinoijpheric dr, the 
deprivation of which was, therefore, concluded to have^pro- 
^ duced such effects. Now the proteus, an animal of the firog 
kind, presents the strange anomaly of having both lungs and 
gills ; the former, however, so imperfectly developed, that it is 
obliged to continue an a(xuatic animal all its life. It inhabits 
the subterraneous waters of Camiolo, and to this situation, 
where it must be scantily supplied with light and air, have 
many naturalists attributed its organization, which they look 
on to he the result of an Imperfect metamorx»hosls, something 
after the manner of M. Edw^afis’ tadpoles. *Still more singular 
is the fact lately mentioned, that several poor wretches hs^ing 
sought an asylinn in the dark and doi>c ^ aults beneath the 
fortifications of Lisle, and haWng continued to reside there for 
some time, the number of defonned and defective children 
bom to them, had become out of all 4)roportion great. The 
attention of the Board of J^uhlic Health was drawn to iVtimd 
an order issued for the closing these receptacles, and for the 
future, preventing their being used as habitations. 

In the tw^o first clabscs of animals, all the Mood that is sent 
to all parts of the body lias previously been submitted to the 
action of air ; and for this puqiobo, as^we have before shown, 
they are provided with a double heart, the one side charged 
with sending the blood through the lungs, the other with dis- 
tributing the blood thus purified to the body. But in reptiles 
this is not tho casj. The aeratt»d blood ceitainly enters a se- 
parate auricle from the blood which returns from the body, 
but both these auricles discliai'ge themselves into a common 
ventricle, so that the two bloods are here mixed, and sent out 
in this state to the body. Now the degree of admixture is by 
no means the same through tho whole class, which causes 
much greater differenoe between animals belonging to this class 
than can occur between animals belonging to the class Mammar* 

n 
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Ha. THie dagvee of iskixtiiro will eridenHy be xaeasux«d by the 
elae of tlie aartety going to the lunge as compaied with the 
OomiBon trunk. In frogs this is extremely small ; it is larger 
respectively. In tortoises and lizards, wliich therefore rise above 
it iif the animal scale. The labours of M. Geoihroy St. Hilaire 
have demonstrated that the crocodile, which ranks at the top 
of this class, and approaches nearest the Mammalia, has aetu*- 
nlly a double heart, with its ventricles perfect and distinct^ 
Ho mixture, therefore, can take place here, but it is aocom- 
plished by means of a vessel which arises feom the right ven- 
tricle close to the artery of the lungs, and bending over, unites 
itself with the great vessel from the left ventricle, so that the 
body is still supplied with a mixed stream. It is well worthy 
Of observation, that before this union takes place, two vessela 
are*8ent off to supply the liead and neck, so these parts alone 
receive arterial blood ; to the rest of the body it is sent 
mixed. 

In the attempts to trace an unbroken chain amongst ani- 
mated beings, the crocodile clearly formed the link by which 
nuimmalia descend to reptiles. The i)roteus also atfordod a 
sufficiently natural stej) from reptiles to fishes. In this class, 
longs no longer exist ; for, as the}'^ are dcbtined to inhabit the 
great deep, they must be for a considemhlc part of tljeir lives 
so circumstanced, as to render it impossible they should breatlie 
by inflidration and expiration. As, however, it is necessary 
that their blood sliould be brought in contact with oxygen in 
a loose state of combination, atmospheiie air is held, as it \vcpe, 
dissolved in the w^ater in considerable quantities. Tlie con- 
stant agitation from currents, tides, or storms, is amongst the 
means by which this mixturi' is effected ; and thus we ohseive 
a reciprocal action between those two great media ^ in which 
animals live, — ^tlio air, agitating the water, is j)robab]y one of 
the means by which it is saved from growing corrupted, while 
the water, absorbing the air, is by it rendered fit for the habir 
tation of aquatic animals. Well might the inspired writer 
say, All things work together for good.” 
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It would evidently be inconvenient, that a constant carzent 
of water diould be passing in and out of the body ; and to 
ovoid the necessity fcur this, the pills, which in fishes perform 
the part of lungs, are placed externally. Thtey may bo de- 
scribed as consisting, in the bony fishes, such as cod, saAnon, 
&c., of four arched bones, placed in snccessicm close behind the 
month of the animal on each side^ and covered by a lid called 
operculum. On these arched bones or branchial ribs, as fiiey 
one called, from their appearance and ofiFioe'’^, are spread out 
several fine lamlns, or thin membranous folds^ in which thn 
artery bringing tilie blood from the heart, spreads itself oat 
into very numerous and beautiful ramifications of extretme 
minuteness. Situated on the neck, they communicate by their 
base with the mouth, of which, in facfi^ they may be to 
form the posterior and lateral boundary* The operculum is 
moveable at pleasure by muscles which are attached to it. 
When, therefore, a fish wishes to respire, it takes a mouthfol 
of water, and passing it to the back of iis mouth, sufiers it to 
remain there a moment in contact t^nth its gUls, through 
which, at the same time, the blood is freely passing. When 
the water, or rather the air which it contains, has acted pro- 
perly on the blood, on action which, as we have before 
explained, is not prevented by the very fine moist membrane 
which divid#} them, the fish lifts its operculum and causes the 
water to be discharged backwards. The blood being thus 
a^ted is agmn collected from very fine branches into trunks, 
which running from each of the branchial ribs, finally unite 
and form the aorta for conveying the blootl to the whole body. 
From this, the blood is returned by the veins to a simple 
auricle, thence it passes into a single ventricle, which in turn 
drives it into tlie branchial artery, and so back to the gills 
again. The circulation, we thus see, is quite simple. From 
what we have said of the mode of respiration, it is clear that a 
trout, before it attempts to breathe, must turn its head up 

^ Because they support the braneJiice or giUs pn^Jor. 
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agcdnst the stream. Were it to attempt this operation facing 
dovm the stream^ it would in vain tiy to let out the. water 
£rom its gills, for as soon as it had lifted its opercaUm^ the 
current would pour in Avater from behind, in place of suffering 
it t(f discharge what was there. It therefore becomes part of 
the angler’s art, to keep the head of the trout he has hooked 
down the stream, in which situation it cannot attempt to 
breathe, and is therefore the sooner exhausted. 

There is found in many fishes a bladder filled with air, 
and placed in the upper part of the abdomen close against the 
spine, which has therefore been conceived to be in some manner 
subservient to the function of respiration. It seems, however, 
more probable, that it is rather destined to assist the animars 
motions; and this idea is strengthened by the fact of the 
swimming-bladder being most considerable in such fishes as 
move with great velocity. It is wanting in flat-fish, where, 
however, the large lateral fins supply its place; also in the 
lamprey, which, in consequence, moves but slowly along the 
bottom of the water. Its situation in the upper part of the 
back, is exactly on the same principle that a bird’s muscles are 
placed on the breast, to prevent the animal overtuniing, as it 
would do, were a heavier part above. The air contained in 
this bladder is generally found rich in nitrogen ; in sea-fish 
Blumenbach says it contains carbonic acid. R is, in both 
cases, secreted, and there is generally a vascular and glan- 
dular body situated in the cavity, which is probably the 
secreting organ. The bladder sometimes communicates with 
.the stomach, sometimes with the gullet, but is, also, at times, 
quite closed and isolated. 

In the aquatic mollusca^ at: the oyster; and the Crustacea^ 
such as the crab, lobster, &c., respiration takes place by gills. 
In terrestrial molluaca^ the snail, there is a cavity, the sid^ of 
which are a thin moist membrane, u})on which the vessels 
ramify; and in this maimer tlieir blood is exposed to the air.- 
Insects have their bodies penetrated in all directions by 
tro/ohea^ or air-tubes, which convey air into the most internal 
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parts. The two principal tubes lie one on each side, running 
the whole length of the body, and arc supplied from small 
external openings, termed stigmata^ nine in number, which 
may readily be seen, os figured on the sides of the common 
catcrpillai*. 



Still lower in the zoophytes, or radiated animals, almost 
all distinction of organs seems lost. They breathe as well as 
digest by the common integument, which outside is a skin 
and inside a stomach. 

We have thus run through the scale of animals, very imper- 
fectly, we admit, and observed various mechanisms and con- 
trivances, by which the blood is brought under the action of 
atraospln ric air. We are now to consider the results of this 
approximation ; in other words, the chuiiges that it produces 
in the air and the blood. And first, os being the easiest inves- 
tigated, of the air. 

The quantity of air taken in at each inspiration, as also 
the total quantity which the lungs can contmn, have been 
stated in such various inanneis, as to show there is little cer- 
tainty yet arrived at. The former has been estimated at all 
intermediate numbers from ten to twelve up to fifty cubic 
inches; on the latter, opinions and experiments have been 
equally discordant. Without attempting, then, the hopeless 
task of reconciling or accounting for these diftereuces, we 
shall, with Dr. Bo&tock, adopt that founded on the very intel- 
ligible experiments of Menzies. lie breathed into a bladder, 
of which he had previously asceiiained the capacity, until it 
was filled, and found that aach expiration ^^as somewhat more 
than loity cubic inches: he confiimod this result, by attaching 
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his tube to a second bladder filled 'with air, &oin which ho 
inspired, and found, in like manner, that the amount of each, 
inspiration oorreeponded nearly with his previous estimate of a 
single expiration. He then immersed a man over his chest in 
a vessel of warm water, and measuring the rise and fall of the 
■water, had the satisfaction to find that it corresponded with 
his former experiments, and those of Jurin, affording for each 
natural inspiration an average bulk of forty inches. As we 
can, after a natural expiration, force out a further ([uantity of 
air by voluntary exertion, this was next measured, and calcu- 
lated at about 170 cubic inches; but still the lungs are far from 
empty, for tliey can never fully collai)se, unless the sides of the 
chest were opened, and the weight of the atmosphere allowed 
to act on their surface. By this means about 120 cubic inches 
more might he obtained. The whole contents of the lungs in 
a tranquil state will, therefore, amount to 290 cubic inches, to 
which forty being added at each inspiration, will give DOO cubic 
inches as their contents in a moderate state of distension. The 
forty inches changed at each inspiration ■will, therefore, be 
about one-eighth of the air contained in the lungs, which, 
therefore, after eight respirations, would be entirely renewed. 
Bui about twenty resph-ations are made in a minute, so that in 
that time there passes through the lungs a volume of air equal 
to two and three quarters, or nearly three times their full con- 
tents. The quantity of air then consumed by an individual in 
twenty-four hours will amount to 1,152,000 cubic inches, or 
666 cubic feet; a fact of the utmost importance to remember 
in building and furnishing with beds, hospitals, barracks, 
prisons, or other places, where many human beings are ■to 
assemble together. For the air which has once been respired 
is not again fit for that process, until it has been purified in the 
great laboratory of nature. 

And the reason of this is, that a change has taken place in 
its comi)osition; and if examined, after being once inspired, it 
will be f<»und to contain more carbonic acid and less oxygen 
than before, the nitrogen remaining nearly, though not alto- 
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gether, in its original quantity. Thus, of the forty cuhio 
inches of air we take in, about thirty-one or thirty-two are 
nitrogen, and nine or eight oxygen. The quantity of carbonic 
acid is scarcely noticea])le. But of the forty cubic inches that 
we expire, not more than six will be oxygen, the place of 
those which have disappeared being occupied by an equal 
quantity of carbonic acid, which now would, therefore, amount 
to two or three cubic inches. The air is thus rendered im- 
proper for respiration in two ways ; by the removal of what 
was useful, oxygen ; and tlio addition of w liat was deleterious, 
carbonic acid. Now, wore this same air breathed over again, it 
is evident it would ]jt*come still more deteriorated, and so on 
of a third and fourth respimtion, till it became quite unfit to 
sujstain life. This is what occurs in a diving-hell, when any 
iwjcideut happens to the tubes, by which a fresh supply of air 
is sent down. The people are found suffocated below, in con- 
seciiiencc of having nothing to breathe but the air which they 
themselves had rendered impure ; drownini; is never the danger 
to be apprehended, as long as the sides of the vessel arc of 
sufficient strength*. « 

Whether the quantity of carbonic acid produced, exactly 
equalled that of oxygen coiLsumed, was long a debated question. 
Exi)oriments, made apparently witli the greatest accuracy, 
gave opposite results ; and while M. Lavoisier, Seguin, and Sir 
Humphry Davy niaintaiiicd that more oxygen was consumed 
than carbonic acid formed, the surplus being, as they sup- 
posed, absorbed into the system, or used in making watery 
vapour, Messrs. Allen and Depys, Mr. Kllis, Magcndie, and 
other chemists and jdiysiologists believed that the quantities of 
each exactly corresponded. It w^as rcst‘rvcd for M. Edwards 
to reconcile this apparent discrepancy, which he did most 
satisfactorily, by showing that the proportions varied accord- 
ing to the species of animal experimented on, the season of the 

Dr. UiY) sayb tliat aa avoras^o-tiused man exhales ]632 ouhio inches ot 
rsrhonic acid gas per liour; and, that ueo cublr inches of the same gas is 
generated by the combustion of a single wax condlo during the same period.] 
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year, time of day, and other external elrcnmatanoes, 'wMcIi 
had been neglected as non-essential. Attending to these Umt- 
ters, he was able to show tliat considerable dnetuations took 
place in the (juantity of oxygon consumed, there being at times 
even one-third more than the volume of carbonic acid formed, 
while at other times the surplus was scarcely observable. 

DiflFerences have also existed as to the use of the nitrogen, 
which occurs so abundantly in atmospheric air. Formerly it 
was considered merely as a hannless means of diluting the 
oxygen, wJiich, if pure, would be too stimulating to be long 
respired. It is now, however, allowed to have not only tliis 
negative, but a direct positive use, as M. Edwards has shown 
it to be absorbed into the circulation, and again exhaled from it. 
The relative proportions in Avhich it is absorbed and exhaled 
vary with the seasons, in consequence of which respiration is 
found to increase the quantity of nitrogen during spring and 
summer, hut to diminish it in autumn and winter. 

But air which has undergone the process of respiration, is 
also found to contain a certain quantity of water}'' vapour, the 
existence of Avhich is rendered paidjcularly evident in frosty 
weatlicr, when the external cold condenses this moisture, so as 
to make it visible. A considerable portion of this water 
comes, not from the lungs, but from the mouth, top of the 
throat, &c.; for Mageiidie ohservcb, tliat in an individual who 
hod an opening in tJie upper part of the ^ind-pipe, the air 
which was expired throiigli this opening, contained scarcely 
any vapour. By tlie older pliysiologists, however, it was oU 
considered as coming from the lungs, and connecting this w ith 
the fact above incntioned, tliat in general more oxygen is con- 
sumed than carbonic acid produced, they framed a very in- 
genious theory how that the blood in the lungs got rid of two 
principles, carbon and hydrogen, Avliicli meeting with tlie 
oxygen of the atmospheric air, immediately formed two now 
compounds, the carbon forming carbonic acid, and the hydro- 
gen forming water, which consequently were to be found in 
the air after expiration. 
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But befoft proceeding to consider this theory, we must 
^>6ak of the changes which the blood does undex^o in passh^ 
through tlie lungs. These, though they liave attracted much 
attention, and caused much dispute, are, we regret to say, but 
imperfectly known. If we open an animal alive, we perceive 
the blood, at the right side of the heart, of a dark-red colour^ 
while that at the left is a bright scarlet. The former is the 
venous blood, just returned from the body, and miyed with 
chyle; the latter is the arterial blood, preparing to set out 
again on its course. But in passing from the right to the left 
side of the heart, the blood has merely gone through the lungs. 
It is, therefore, in them that the change has occurred. If, 
however, we now prevent the entrance of air into the lungs, 
the change no longer takes place ; the blood pours into the left 
side as dark as it was in the right, and soon ceases to move. 
The same alteration of colour can be produced out of the body, 
by exposing the blood to atmospheric air, whence we conclude 
that it depends on this as its cause ; and as oxygen produces 
the change in a still higlier degree, a]\d no other gas will pro- 
duce it at all, the infei^Uce seems fair that the oxygen of the 
atmospliere is the cause of the scarlet colour of arterial blood. 
Dr, Stevens’s experiments would seem to show that the pre- 
sence of some saline matter was necessary to enable the oxygen 
to act ; he lias, liowever, totally failed in proving that the 
saline matter is, of itself, capable of producing the change of 
colour, and subsequent experiments by Dr. William Gregory 
have fully disproved the possibility of such an occurrence. 

The other differences arc stated to he, that more fibrin 
occurs in arterial blood, which, therefore, coagulates more 
quickly than venous. The latter is richer iu carbon ; but this 
is rather inferred from its giving off carbon or carbonic acid in 
the lungs, than from actual analysis. In like manner it is said 
to contain more water, — ^more albumen, to have a greater spe- 
cific gravity, a less capacity for caloric, and less actual heat, as 
shown by the thermometer. 

It will at once appear, that these few and unimportant 



2S0 


BBSPrRATXOK, 


^^ferenoes are totally inadequate to aeomA the remarkable 
•variety, in physiological character, that iSieae two fluids pre- 
sent. Nor does a little more or a little less carbon, a sliade in 
colour, a degree in temperature, a trifle in weight, assist ns in 
aeconnting for the fact, that one of these fluids, sent to the 
bndn, nourishes, stimulates, strengthens, and enables it to 
direct the whole system ; while the afflux of the other would 
produce delirium, torpor, death. Is it not clear that there is 
some influential power that eludes all «>ur researches, that 
defies alike the chemical investigator and the microscopic ob- 
server ; in short, a vital principle^ with which wo can only 
become acquainted by observing its effects? 

We have thus the principal facts of respiration before us ; 
and to account for thcbe, two theories liave been imagined. 
The first, which is only a modification of Priestley’s, suid which 
we mentioned before, supposes a direct combination to take 
place in tlie lungs lietwccn the oxygen of the atmospheric air, 
and hydrogen and carbon thrown off flora the venous Wood* 
This has the merit of being extremely simple, and of showing 
at once how tlio carbonic acid and wateiy vapour might be 
formed ; but, unfortunately, it is deficient in facts, tht're being 
no proof that hydrogen and carlion are secreted or given offl m 
the lungs from the blood ; and further, it is inccoiicileable 
with the experiments of Messrs. Allen and l*cp> s, in w hich 
the whole oxygen was not more than sufficient lor the ciirbonic 
acid produced, yet the watery vapour coutinued to l)e fonned 
as usual. The second was originally proposed by La Gnuige, 
and supported by Ilasst'iifratz, but o^\es its principal celebrity 
and authority to the experim“nts of M. Edwards. According 
to it, the carbonic «icid is fornn d gradually through the whole 
course of the circulation, and given off* by the venous blood in 
the lungs ; at the same time the blood absorbs oxygen, liecomoB 
red and stunulating, properties which it gradually loses as it 
gets into the smaller arteries, until at last, in the fine capillary 
vessels, no distmetion can be made between the fluid in the 
last arterial and first venous tubes. This theory is the more 
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pwbable of loMl is at present most generally adopted ; 

yet it woald not be difficult to raise objections, as, for inatance^ 
How can it be reconciled with the result of Mr. Biande’s and 
Sir Charles Scudamore^s eacperimcnts, which seem to show aa 
equal quantity of carbonic acid in arterial as in venous blood ? 

Connected with this, is the interesting question of the gene- 
ration of Animal Heat. 

Living bodies aie endowed with a faculty, by means of which 
they are enabled to resist changes of temperature. The texiD^ 
5mimAl heat, os applied to the result of this property, is evi- 
dently erroneous, Ist., because the power is common to all 
living beings, plants as well as animals : 2nd., because it seesaa 
to operate, at times, rather as a principle of coolness than of 
heat; for instance, when Dr. Fordyce, in air of 340® Fahren- 
heit, found his l)ody still at the usual temperature of 88® to 
300®. On this, however, we shall not insist, as the experi- 
ments of M. de la Roche would lead to the conclusion, thi^ 
the transpiration from the lungs and perspiration from the skin 
are, in such cases, so abundant as ta account for the lower 
temperature at which the body remains. We shall rather con- 
sider the more usual exercise of this property, in maintaining 
the Iwjdy at a temperature above that of tlie atmosphere. Of 
all animals, birds are the best provided in this respect, their 
heat varying from 105° to 310® Fahrenheit; next come quad- 
rupeds, at about 100® or 101® ; and after them men, averaging 
96® to 98®. As all these degrees are considerably above the 
ordinary temperature of our climate, these animals liave been 
clashed together under the name of warm-blooded animals. 1^ 
on the contrary, we examine the body of a reptile, of a fish, 
and of most of the invertebrate tribes, we shall find their tem- 
perature very nearly that of the external air, or only exceeding 
it by about two degrees. Thus Broussonet remarks, that the 
temperature of a fish is about three-quarters to one-half a de- 
gree (R6aumur) higher than the medium m which it is im- 
mersed ; Despretz found a carp 53® when the water was 51°.4 
Fahrenheit ; and every one knows the proverbial coldness of 6 
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fipog. These, therefote, as contradistinguished from the others, 
forin the second great class, or the coldrbhoded animals. Phy- 
siologists were not long in observing, as connecteJd with this 
difference of temperature, a corresponding difference in the 
perfection and energy with which the functioh of respiration 
was carried on. We have already described the very extensive 
apparatus provided for this purpose in birds, who breathe with 
BO inuch rapidity that Lavoisier found two sparrows to con- 
sume as much air as a Guinea-pig. But something more is 
necessary, for heat has a tendency, wherever generated, to dif- 
fuse itself amongst surrounding objects until an equilibrium is 
established. The only means of preventing this, is by enve- 
loping the source of heat with certain bodies which it is ascer- 
tained have a very imperfect power of conducting it. On this 
principle we cover our own bodies with blankets in winter, be- 
cause they prevent the rapid communication of the lieat gene- 
rated within us, to the air or the objects around us ; exactly 
on the same principle, in summer, we place blankets around 
our ice-houses, to prevent the external heat penetrating to 
them and thawing tlieir contents. Now, amongst tl^e most 
perfect non-conductors of heut that wo know, are feathers 
and fur ; with the former of w'hich birds, with the latter of 
which the mammalia, are generally covered ; we therefore 
see why they both exceed us in heat, and v^hy wn are 
obliged to imitate, by artificial clothing, a provision with wdiich 
nature has already endowed them, lu the case of birds, which 
soaring to such great heights are necessarily exposed to the 
most piercing cold, tliis provision is peculiarly admirable ; and 
the use of it was practically illustrated by the falcone]*s, who, 
when training a young hawk, always plucked tlie down from 
bis breast, ivell knowing that, while thus exposed, he would 
never venture a flight to such an elevation as would be beyond 
their ken and call. In aquatic birds, which, spending their 
lives on the water, are thus constantly exposed to a medium 
most powerful in abstracting heat, how beautiful and close is 
the plumage, how soft and impenetrable the down, particularly 
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oa the breast and belly, the parts nearest the wave! So also 
the animals that inhabit the arctic regions : the ermine, the 
Siberian squirrel, the polar bear, present the finest, closest, and 
most volnable furs. But all these are means of keeping in 
heat, and not of generating it; they, therefore, infer that some 
such power as the latter exists in the bodies to which they 
belong: in all these bodies respiration is an eneigetic function; 
the question then was obvious — Does not animal heat depend 
on respiration ? 

And looking at another great division of animals (the cold- 
blooded), tbe conclusion would appear strengthened. In the 
reptiles respiration is incomplete, the structure of their lungs 
is less perfect, the number of inhalations less frequent, a4d 
only a portion of their blood is submitted to the action of the 
air. In fishes, the quantity of air to which the blood can be 
exposed is small, being merely that which is dissolved in tho 
water. In both these the temperature is low, little exceeding 
that of the media in which tlicy live. Cold, therefore, readily 
affects tliem, and this is particularly observable in the reptiles^ 
which are scai’cely to be found, few in number and diminutive 
in size, towards the arctic circle; while between the tropics 
they are of such size, abundance, and vaiiety, as to afford a 
ready key to the old Egyptiiin fable, whieli supposed the cro- 
codile to be engendered by tbe heat of the sun. 

Insects, it is well known, die in these countries at the 
approach of winter, liaving first laid their eggs, which remain 
in the larva state till brouglit forward by the heat of tlie suc- 
ceeding spring. It is, therefore, evident tliat for them the cold 
has the same terrors os for the reptiles, and in them also respi- 
ration is imperfectly performed*^. 

So far there seemed a fair coimexion between the intensity 
of respiration and the generation of animal heat, so that, in 
direct contradiction to the old philosophers, who held that 

* Insects, however, which live in society, such as bees, and ants, develope 
very considerable heat A thermometer placed, during the winter, in a bee- 
hive, will constantly show from 96“ to 99“ Fahrenheit, and when wo excite the 
insects, their respiration, it is said, becoming motezapid, the heat riaesa. 
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seapintion yna used to cool the blood, it was now decided that 
Te^piration was a means to heat it 

Dr. Black ms one of the first who reduced thtese rague 
ideae to something of a definite theory, and his e3q)lanBtion, as 
modified by Crawford, is held by the chemical school of phy- 
fllologisfcs to this day. He found that when carbon was burned 
ha air oxygen disappeared, carbonic acid was formed, and heat 
evolTed* This is exactly what t^es place in respiration. The 
inclusion is clear: respiration is a species of combustion; 
Benee the more eneigetic the respiration, the greater the quan- 
tity of heat evolved. This was simple, at the same time so 
ingenious, that it readily was adopted by a great number of 
converts; an objection, however, was made to it, which even to 
Black himself appeared difficult to he got over. It was this; 
if the heat of the whole body be derived from the lungs as a 
focus, and caused by a sort of combustion taking place in them, 
their temperature must be superior to that of all other oigans, 
in feet so high, that we cannot suppose their structure capable 
of bearing it. The reply to this objection, and the perfect elu- 
cidation of the theory, were reserved for Crawford ; and even 
those who hesitate as to the accuracy of his facts, and do not 
admit his hypothesis, unanimously declare it to be a most 
beautiful and ingenious application of physical and chemical 
reasoning to explain a problem of the animal economy. 

We shall endeavour to explain it to the general leader. If 
a piece of sponge and a piece of bread, of the same size, he each 
dipped into a cup containing water, tlie sponge will take up 
more water riian the bread. In such cs->c, we w’ould say the 
sponge liad a greater tapacity for water than tlie bread. Let 
us say that the sponge took up ao ounce, and the bread only 
half an ounce of water, and that, to the eye, they looked 
equally wety the capacity of the sponge for w^ater would then 
be pronounced to be double the capacity of bread. 

Now by any possibDity, the sponge could be clianged 
into bread, it is evident that it would give out half an ounce 
of water, and look as wet as before; or if the bread were 
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changed into sponge, it could take up an additional half-onnoe 
without appearing to have increased in wetness. 

As bodies are thus shown to liave a different capaidfy for 
water, so also bodies may have a different capacity for heat ; 
and in this case we measure, not by the eye, but by the 
thermometer. Thus, if a pint of mercury and a pint of water, 
in each of which a thermometer immersed will show 60®, aro 
placed in a stove for a short time, and when withdrawn, the 
mercury rajees the thermometer to 100®, while the water only 
raises it to 80®, it is evident tlmt the same quantity of heat 
which raises mercury 40®, raises wuter only 20®, therefore 
mercury has a greater capacity for heat than water in the pro- 
portion of 40 to 20, that is, os 2 to 1. If, then, the water at 
80® w’ere suddenly convei*ted into mercury, it is evident that it 
could give out 20® of heat, and still continue to show 80® on 
the therniouieter, for by the terms of the exj)eriment it received 
as much heat as woxild raise mercury 20*^ above 80°; while if 
the mercury at 100° w^ore converted into water, it should either 
at once fall to 80®, or, if heat were in its vicinity, absorb a 
quantity sufficient to maintain it at its high temperature** 

Now this difference in tlie capacity fur lieat, Dr. Crawford 
showed hy experiment to exist between arterial and venous 
blood, the fonner exceeding tlie lattei^ in tliat respect, in about 
the proportion ot 114*5 to 100, or about 11 g to 10. When, 
therefore, venous blood was converted into arterial, which took 
])luce in the lungs, it was able to take up an additionajl quantity 
of heat w itliout appearing hotter, as the bread, if* conv^i;ed 
into sponge, w ould take up an additional quantity of water 
without appearing wettei. And again, when the arterial 
])lood became converted into venous, which takes place in the 
extreme vessels in all parts of the body, it gives out this heat in 
the same way that water w^ould if converted into meicury, 
and thus maintains the temperature of the whole body. Wo 

* In this cutplanatlon -we have confined our attention to the quantlttee of heat 
tmjaojod m tho experiment as bemr all that wae neoeflary for our object. We 
should merely have perplexed the general reader^ whom it is always our ol^Jecfe 
to take along with us, had wo entered more at length^nto the question of ** ipb- 
cific calonc." 
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tbns see bow a great heat may be gonerated in ib# luijgs 
without injuring tb^ir stmeture, because at tlie meuaeut of 
its production it is absorbed and rendered latent in the arterial 
blood, and bow this arterial blood conveys this beat to every 
part, and distributes it to all in their due proportion* - There 
remains but one thing, wliicb is to show that beat ui generated 
in the lungs, and on this Dr, Crawford made numerous and 
satisfactory experiments. He showed that the quantity of beat 
dvolved by mi animal during the production of a certain quan- 
tity of carbonic acid by the process of respiration, was nearly 
the same as that gained during the production of an equal 
quantity by the direct combustion of carbon in oxygen, Ue 
showed that heat was evolved, not only during combustion, 
but during ^jjutrefaction, fermentation, germination, and all 
those processes by which carbouic acid is produced. It W’as 
then fairly inferred that heat must also be evolved in respira- 
tion. This heat is consumed in three Mays: Ist. The cold air 
take^ into the lungs mdst be warmed up to the temperature 
of the body ; 2nd. tljc watery matter .secreted in the air-pas- 
sages must be converted into vapour, in which form it is ex- 
haled ; and 3rd. tlio increased capacit}^ w^hich the fresh-made 
arterial blood has for heat, must be saturated. Tlie whole 
tlieory, then, would run thus. The dark v^pous blood is 
loaded with a q^pmtity of car])Oii, which is throw’n into it in 
its course by all p<irls of tj^ie l)pdy, Anived at the lungs it 
exposes tl^is carbon through the medium of a \cry fine mein- 
to the oxygen, of the atmospheric air, and in consequence 
of the attraction subsisting between these bodies, they unite 
and form carbonic acid. The ij^ult is the giving out of heat, 
and its instant absorption by the arterial blood, M'^hich, with 
its carbon, has lost its dark colour, and, in consequence of the . 
chahge, requires an additional supply of heat. The mode in 
which this heat is applied to use, we have explained above. 

Chemists, and chemical phy8iologi;s»ts, still use this theory, 
with a fsw modi^PatiOliSj chiefly suggested by the expenments 
of M. Edwai'ds,^^U auimabs whom he caused ibr a time to 
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breathe an air deprived of oxygen. He found that they still 
gave out carbonic acid, and in some cases the quantity 
out exceeded the whole bulk of the animal, so that there was 
no possibility of attributing it to the oxygen of any mr U 
might have carried into its lungs. It is evident, therefore, that 
carbonic acid, not carbon, is what the venous blood gives oif in 
the lungs; and from other experiments of the same ingenious 
and talented gentleman, it is concluded that the air taken in 
respiration is absorbed into the blood, that in the minute ves- 
sels meeting with carbon, carbonic acid is formed, and thus^ 
heat generated at the point where it is wanted, not generated 
in the lungs and conveyed to that point; that this car1)ontc 
acid darkens the blood, a power which it can be shown to have 
by experiment, and finally, being conveyed to 4he lungs, Is 
there thrown off, and a fresh supply of air imbibed. It is n<H 
so clearly ascertained what becomes of the nitrogen of the air, 
but it seems probable, that being taken intdf the blood it is 
applied to the uses of the system, while other nitrogen, iSMiich 
had been so applied, an<i is now unfit for longer stay in the 
system, is returned into the blood, and discharged by it from 
the lungs. 

We have dwelt so much on this theory, which besides, 
with the modifications described, is adopted by such men as 
Bo^tock, Elliotson, and Turner, that we shall be more brief 
with the other opinions advanced. 

Dr. John Davy endeavoured, by a well-conductad set of 
experiments, to be found in the PhiloBophical Transactiom 
for 1814, to show that the difference in capacity for heat be- 
tween venous and arterial Wood, on which so much of Dr. 
Crawford’s theory turned, had no real existence. In conse- 
quence of the subsequent views which we have stated, tliis 
question is now of no importance ; for as it appears the car- 
bonic acid is not formed in the lungs, of course the heat is not 
evolved there, consequently there is no necessity for increased 
capacity to carry it off. This would seem a confirmation, 
however, of tlie accuracy of Dr, Davy’s experiments^ as if the 
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capacity were really greatest the temperature of the arterial 
should be low^er than that of venoua, which is not the 
case, the thennometer at the left side of the h^rt generally 
standing a degree or two higher than at the rigli^ | 

By some curious experiments }>ubli8hed in th milosopki- 
tal Transactiont for 1811 and 1812, Sir Benjam} prodie en^ 
deayourcd to show that the whole theory was ei^rJieous, and 
ihat animal heat was solely dependent on nervous influence, 
and had nothing whatever to do with respiration or arterlaliEa* 
tion. The action of certain poisons appears wholly exerted on 
the nervous system ; of this kind are the woorara and prussic 
acid. If, while an animal is under their influence, respiration 
be artificially kept up, the blood will undergo its usual 
changes from venous to ailerial, the air will be found loaded 
with carbonic acid, in short, ail the chemical part of respi- 
ration will he gone through. Having killed, or rendered 
insensible, tw^o rabbits by means of these poisons, Sir B. 
Brodie suftered one to lie untoucherl, while in the other ho 
kept up rc8])iration by moons of on elastic gum-bottle, which 
alternately pumped air into the lungs and drew it out. Tlus 
air, when examined, ap})eared to have undergone the usual 
changes, the blood had been leddened, tlie ciiculation cent 
tinued, and carbonic acid formed, ;>et this rabbit liad cooled 
down faster than tlie other. He re]>eated the cxpciinient in 
difleient ways, somotimos destroying the norvouj influence by 
dividing the spinal marrow, in place of l»y ])oison, but the 
results were always the same — ^the rabbi^ in wJiith ro'^piration 
was kept up, cooled faster than the r-J>bit wliicli ^vaa let alone. 
The action of these poisons i^^ tcinjiorary, and if life be thus 
artificially supported for some time, tlie brain seems gradu- 
ally released fiom their influence, and the auimal becomes as 
before. In such cases Sir Benjamin Brodie found tliat, exactly 
as the nervous influence became restored to the body, so did 
the heat return^ Here, then, was an entirely new doctrine 
of Animal Heat. It was no longer connected with the gene- 
ration of carbonic acid, but was directly under the govern- 
ment of the nervous system, ^ 
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This, however, was not long saUfered to pass undisputed* iu 
Addition to the aiguments with which it was assailed hy the 
chemists, followers of Crawford^ it met more formidable oppo- 
ffition from the repetition of the same experiments with difierent 
results by Le Gallois in France, and Wilson Philip in England. 
They observed, what Sir Benjamin Brodie had neglected 
attending to, that diiting life respiration is always proporiiooed 
to the wants of the system by a sort of instinct; that, of course, 
thifi instinct being abolished, and the wants of tibe system much 
lessened by the low state of vitality to which the whole body 
was reduced by the temporary suspension of nervous power, 
the quantity of mr introduced into the lungs should be consi- 
derably diminished, otherwise cold air was introduced into the 
interior of the animal, which it did not want, and which, 
therefore, did nothing but lower its temperature. When all 
these circumstances were duly allowed for, they found,^^ 
direct contradiction to Sir Benjamin Brodie, tliat the cooling of 
the body was actually delayed by the process of artificial infla- 
tion, thougli,/ eoubequenee of the diminished consumption of 
V /gen, it .as not altogether prevented. M. le Gallois, there- 
fore, reverted very nearly to tlic old chemical theory, consi- 
dering the neiveb as only actmg indirectly, by producing a more 
perfect cominunicaiiou between the air and the blood; wliile 
D'*. Wilson Philip arrived at the conclusion that Animal Heat 
18 a secretion. M. de BlainviUe sets it down as a simple rrtmlt 
of nutrition, and l)r. Williams embraces very nearly the same 
views. AU agree that it is, to a certain extent, influenced by 
the nervous system; but whether directly or indirectly is a 
point not yet decided. Dr. Marshall Hall found that, in hyber- 
nating animSds, such os the bat, the temperature fell as the 
respiration became less frequent, and the carbonic acid formed 
less abundant ; on the other hand. Sir B. Brodie, as we have seen, 
showed that as the nervoi influence was restored, so exactly 
did the heat rise. For our parts, we find chemistiy, electro-che- 
mistry, and mechanics, alike unable to explain this phenomenon. 
Wc ore contented to consider it as a property attached to 

s2 
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more especially as it is to be noticed in plants and trees, where 
shnilar chemical changes do not occur, and similar nerrbts 
iz^uence cannot be shown to exist. But in so doing we mezm 
not to be considered as offering any explanation. When any one 
shows us what gravity is, otherwise than by an enumeration ot 
its effects, we shall attempt to show what life is, in a similarly 
lb|ptract manner. Meantime we must be^bntent to describe it 
as the unknown cause of known properties. And perhaps that 
is nonsense, but we take the term from wiser men than we 
pretend to be. 

But we must say something of the voice, that faculty by 
means of which we best express our feelings, affections, and 
sentiments; which, modified by the organs of speech, gives 
utterance to the hidden things of the heart, and alike enables 
the sage to communicate his wisdom and the fool to babble his 
folly. And here we have already made a distinction that will 
require to be attended to: the voice is one thing; it is common 
to us with beasts, whose cries will express pleasure, or pain, 
rage, sexual desire, or fondness ; speech is another tiling, and is 
the peculiar prerogative of man. It is true some animals, such 
as the jay, the parrot, &c., can articulate, but this is not to 
speak : speech is the expression of thought, and monkeys don’t 
speak, says Lordat, because they have nothing to say. Tliis 
simple observation, which is as philosophical as it is terse, 
might have saved a world of trouble to different anatomists, 
who spent much time in finding out, by peculiarities of struc- 
ture in the organs of voice, why no animals spoke but man. 
Kow anatomy is totally unable to resolve the question, inasmuch 
as several animals, who do not speak, can, nevertheless, articu- 
late when taught to do so by man ; it is evidfnt, therefore, 
that their natural dumbness is not to be attributed to any 
organic cause. In jact, the organ of voice in man is extremely 
simple, being nothing more tlmn a tnbe conveying air, near the 
top of which are placed two vibrating cords, the vibrations of 
which, communicated to the air, throw it into sonorous undu- 
lations, and thus voice is produced. Nor are the organs of 
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speech very complicated, being chiefly the lips, teeth, tongue, 
apid palate, all, it will be observed, situated beyond, or exteriolr 
to the place where the voice is produced, inasmuch as it !$ 
necessary to have voice before you can make words, as a car- 
penter must have timber before he can make a table. The 
relative situation and structure of those parts, will be ecunly 
understood by a re%ence to the subjoined plate copied ^from 
Soemmering’s IcQnes,m which t represents one side of the trac^^ 
or windpipe, bringing up the air from the lungs, here laid 6^)^^ 
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SO as to display c, the fine cord or ligament stretched across near 
its upper extremity, and which, by its vibrations, produces voice, 
while bej^ond that are /?, the palate, f, the tongue, with the 
teetli and lips, all, as we have said, engaged in the formation of 
^eech. A more accurate idea of the situation of these vibrating 
cords, commonly called chordm vocaleSy may be had from the 
following cut, in which they are represented as they would be 
eeen by a person looking down the windpipe, from above, and 
able to descry their situation in the aperture. 

In this cut a is the epiglottis, situated, 
as we have already learned, in front of the 
opening, and ready to shut down on it, so 
as to prevent the entrance of any foreign 
matter; from it we see two ligaments, h 
prolonged backwards, so as to constitute, 
as it were, a sort of superior dilated orifice 
of tile windpipe. The true opening of 
this we see deeper down, at m, and to this 
opening the name of glottis is given; while at either side of it 
are stretched cc', the chordm locales or vibrating cords, on which 
the production of the voice depends; and above these vve ob- 
serve two little de2)ressions or cavities, termed ventricles of tJtc 
larynx, the object of which appears to be to leave room for the 
vibrating of the cords. 

But we miglit he asked how we know that the voice is 
formed at the exact point which we term the glottis, and de- 
pends on tile vibrations such as we have described. Tlie <iues- 
tions arc very fair, and we proceed to answer tliem. If an in- 
cision he made into any point of the windpipe, below that 
which we have indicated, nhe voice is immediately lost, l)ut if 
the aperture be in aii}^ way stopped up, as by closing it with 
the hand, a pledget of lint, &c., the voice is restored. on 
the contrary, the incision is made above the glottis^ the voice is 
in no w’ay affected. This, we think, accurately determines the 
locality, inasmuch as, in the firet experiment, the air is allowed 
to escape at a point low er down than the glottis, and no voice 






» produced ; in tlie second, it b allowed to escape immediately 
after passing through the glottis, and then the voice is perfect* 
Of these facts we liave ourselves been witness* For the seccmd 
question we were satisfied with the general principles of the 
fermation of sound, and the anatomical fitness of the parts ta 
act in accordance T\dth those principles ; but M, Magendie has 
reduced the matter to an actual demonstration, for 
made such an incision as the second we have described into tha 
throat of a dog, he seized and drew forward to the mouth of 
the opening, the top of the windpipe, and, holding it there, 
was enabled to observe that, when the animal howled or cried, 
the production of sound was always accompanied by a tension 
of the glottis, whUe its edges (the cords of which we speak) 
vibrated in an evident manner. He further found, that he 
might cut the edges of the orifice of the windpipe, or even the 
tops of the small cartilages (the arytenoid), by which it is sup- 
ported at its hinder part, without sensibly affecting the power 
of producing sounds ; liut that as soon as he cut those liga- 
ments tlio animal became mute, and tJie same effect was pro- 
duced if he cut the nerves going to the small muscles by which 
these ligaments were moved. 

From these exj»eriments it seems beyond all doubt, that 
the voice is produced as we have desciibed ; but, not satisfied 
with knowing this much, physiologists insisted on knowing 
more, and, as they proceeded rather by the good old way of 
conjecture than the good new way of experiment, tliey soon 
became involved in a variety of conflicting opinions ; some 
insisting that the human larynx was a wind instrument, like a 
flute, others that it was a stringed instrument, like a fiddle, and 
others, again, that it was a reed>instrumcnt, like a flageolet or 
organ. For our parts, we think it is neither a flute, a fiddle, a 
flageolet, nor an organ, but a larynx; simply a larynx. But 
we must describe our larynx a little more perfectly to enable 
our readers to understand the cause of our opinion. The 
larynx, then, is placed like a box or case round the top part of 
the windpipe, to afford a firm, and in some measure resonant^ 
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fabric for the attachment of the parts immediately conomied^ 
in the production of voice. It is composed of three principal 
cartilages ; the one like a ring, whence it is called criooid*, 
surrounds the top of the windpipe, as if to give it a imish. 
This cartilage is much wider behind tlian before, or may be 
compared to a signet-ring, the seal part of which should be 
tamed backwards. It forms the base of the larynx; and 
above it, in front, is placed the ihyro’idA or shield-shaped 
cartilage, which is of considerable size, particulariy in the 
neck of the adult male, where it is commonly known under 
the name of Adam’s apple, and not only forms the front Cf the 
larynx but runs for back on the sides. This will be clearly 
understood from the following cut, in which a is a front view 
of the thyroid cartilage, separated from all the rest ; b a side 
view of same, in which a is the anterior and p the posterior 
extremity : o is the crico^id or ring-shaped cartilage, with its 
deep part behind, while the thyroid fits down upon the narrow 
part in front, in a way we shall jircsently describe. 



The third cartilage is the arytem'tdX or funnel-shaped car- 
tilage, which we should rather describe as two distinct carti- 
lages, one for each side, placed on the top of the elevated part 
of the crico'id cartilage ; and thus completing the back part of 
the larynx, which, when aU its parts are put togetlier presents 
the appearance represented In fig, 1, when viewed in front; in 
fig. 2, when viewed from the side ; and in fig. 3, when viewed 
from behind ; and in each of these figures, tlie same letters 

* From xptxog, a ring, and form or sh&pe :~^ing-Aaped, 

t From dupcoc, a shield, and aiSof, sliape:— 
t From » funneU$haptd, < 





i^pfesent the same parts, a being the thyroid cartilage ; b tfee 
anterior or narrow, and c the posterior or broad part of the 
oficoid cartilage ; d d' the arytenoid cartilages, resting on the 
latter and meeting at the summits ; e d the horns of the thyroid 
cartilage, and /the epiglottis. 



Anterior, Interal, and posterior views of the Larynx. 


These several cartilages ore not fixed, but moveable upon 
one another by muscles : the cliordte vocales, also, are by no 
means to be considered as simply elastic ligaments, str^ned 
between tlieir extreme points, and obliged to vibrate when 
blown with sufficient force, like the strings of an Pollan harp. 
They are, on the contrary, living ligaments, endowed not with 
a mechanical but a vital elasticity ; and supplied with muscles, 
which regulate all their motions to the nicest degree, placing 
them in that state of tension and parallelism which the inge- 
nious experiments of Dr. Willis (recorded in the Cambridge 
Philosophical Transactions, vol. iv.,) show to be necessary to 
the production of sound ; and not only that, hut moving them 
in every the slightest change of tone, so that we cannot doubt 
that every turn or trill on the human voice is produced by a 
succession of muscular contractions, as surely, though not so 
obviously, as a shake on the violin under the fingers of a 
Paganini. This is the reason why we say a larynx is not a 
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flute, nor a fiddle, nor a flageolet, nor an organ, but a lo/rynx^ 
tliat is, a living instrument, which can give or withhold its 
sound, so long as no part of its mtal apparatus is impaired, and 
whose vibrations depend not on any external impressing agent, 
but upon a power existing witliin itself. This it is that has 
rendered it a subject of such difficulty to mechanical philoso- 
phers, who have each been making their pipes, or their 
whistles, or their trumpets, and endeavouring, fi‘om the 
mechanism of these, to explain all the circumstances of the 
formation of the human voice. It is true that, in this way, 
rude imitations of certain sounds may he made. The vowel- 
sounds particuliu*ly, are said to have been imitated by Kratzen- 
stein and Kempelen, in the last century, and we believe with 
still more success by Mr. Willis and Mr. Wheatstone in this. 
Nay, we are told by Rivarol, that the Abbe Micol made two 
colossal heads which could deliver entire sentences, but he 
unfortunately broke them, in consequence of not obtaining 
from the French government the rewfird whicli he thought 
his ingenuity merited ; and as he left no record of the 
mechanism employed, wc know nothing further than the 
anecdote we liave mentioned. Kratzenstein, indeed, has left 
ns full information as to the means he employed ; which were 
dmply pipes or tubes of different figures, with reeds of an 
ingenious construction inserted in them, which, on being 
blown through, sounded a e o u Figures of thesti different 
pipes may be seen in the plates to the first volume of Dr. 
Young’s Lectures on Natural Philosophic^ or in the Transactions 
of the Petershmg Academy for 1780, in which publication the 
essay first appeared. But wrhat do all these experiments 
amount to further than tJiat the art of man can, with infinite 
pains, and labour, :iiid calculation, produce from inorganic or 
dead matter, very imperfect imihitions of a very few out of the 
countless variety of sounds which, with a scare sly noticeable 
exertion, the living larynx can send forth. When mechanical 
philosophers, therefore, urge it as a serious objection against 
physiologists, that they attempt to study the voice by observing 
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the organs of speech*, it would appear that phywologwta 
might fairly retort upon those who seek to illustrate the phe- 
nomena of voice by instruments, deprived of the most import-^ 
ant element in its production — ^life. The whole point, in 
i^ort, seems to lie in two words : we study they study 

One objection may be urged against the theory, that voice 
is altogether vital, which is, that if you take the wind-pipe of 
a dead animal, and press towards each other the arytenoid car- 
tilages, so as to render tense the chordas vocales^ a current of air 
directed from the lips, or a bellows, through the wind-pipe 
will then produce a sound. But this is merely an apparent 

^ Mr. WiUis’a words are, ** Kcmpclon's mistake, like that of every c(hcr 
tcrUer on this subject, appears to lie in the tacit assumption that every illnstra* 
tion is to bo sought for in the form and action of the organs of speooh themselves* 
which, however paradoxical the assertion may appear, can never, f oontend* 
lead to any uccurute knowledge of the subject.” If by “ the subject,” ho means 
voice and speech, the assertion is sufiictently paradoxical, despite his subseqtMmt 
explanation, which, by the way, refers all not to voice but to sound : but we find 
much more paradoxical his opening assertion, that Kempelcn and cver> other 
writer had sought all their illustrations in the organs themselves, when he has 
just been occupying two i»ages of his essay in recounting the diderent tubes*, 
pipes, speaking-machines, &c., of Friar Uacon, Albertus Magnus, Kirchcr* 
Bishop Wilkins, Mical, ICratzenstcin, die. die., which were certainly at least 
intended to be “ illustrations of the subject.” 

Wo uannot, however, suffer ourfielves to disagree in ono respect from Mr. 
WilliB’s opinions without ackuowlcdgtng, generally, how much we admire his 
second truly excellent paper on the Mechamtm of the Larynv, in which he 
enters into iiu cxuniiiiatiun of the structure and functions of its several iiarts in 
a manner deserving of all praise. 

[t Mr. Willis, of Cambridge, has recently adapted cylindrical tubes to a reed* 
whose length can be varied at pleasure by sliding joints. [Jpon drawing out the 
tube, while a column of air from the bellows of an oi^an is passing through it, 
the vowels aro pronounced in the order, i e a o u. On extending the tube, they 
are repeated, after a ccrt.'iin iutorval, in the inverted order, u o a £ i. After 
another interval they are again obtained in the direct order, and so on. When 
the pitch of the reed is very high, it is impossible to sound some of the vowels, 
whioh is in perfect correspondence with the human voice, female singers being 
unable to pronoimco u and o in their high notes. From the singular discoveries 
of M. Havart on the nature of the human voice, and the investigations of Mr. 
WiUib on the mechanism of the larynx, it may be presumed that ultimately the 
utterance or pronunciation of modem languages will be convened, not only to 
the eye, but also to tho ear, of i> 0 Hterity. Had the ancients poBsessed the meanB 
of transmitting such definite sounds, the civilized world would still have 
responded in sympathetic notes at the distance of hundreds of ages-" — Jlfcc 
Connection of the Physical Sciences, by Mary Somerville, 2nd ed., p. 179.1 
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objection: it is, in fact, a real confirmation. True, yQu dp 
produce a sound, but is this sound voice ? You nxake a noise, 
and the mechanical philosophers can make as good a noise witl^ 
their tubes, exactly because you are both acting on dead matter. 
But where ore all the delicate inflexions, the modulations, the 
intonations, that gave expression, and sweetness, and power? 
They are gone, — gone with the life; and you can equally 
destroy them during the general life of the animal if you 
destroy the releiUonal life of the part, as can be done by cutting 
the fine nerves by which it is supplied ; cut those of one side, 
and the voice is weakened ; of both sides, and the voice is 
gone. 

The different tones of which the human voice is capable in 
singing or reciting, seem also to depend on these cords. Nume- 
rous theories were formed as to the mode in which they acted, 
some supposing with FeiTein that it was the greater or less 
tension of those cords that produced the acuter or gmver 
sounds, just as the string of a violin will give a higher sound 
■when screwed up, a lower when let dowm. Others thought 
tliat it w^as according as the glottis was more or less open that 
tlie tone varied ; otliers thought that the raising or dejiressing 
the larynx, which any person may observe, by placing his 
liand on his own throat as he sings the gamut, afforded the 
true explanation. M, Magendie, however, put an end to 
guessing on this point also, and the experiment which he made 
for the purpose he thus describes. 

“ I laid bare the glottis of a noisy dog, by cutting between 
the thyroid cartilage and the liyoid bone ; (this is immediately 
above the thyroid cartilage, so that he did not injure the 
chordse vocales, or interfere with the passage of the air through 
them.) I then saw that wdien the sounds are gi’ave, the liga- 
ments of the glottis vibrate in their whole length, und the ex- 
pired air passes out in the whole length of the glottis. In 
acute sounds the ligaments do not vibrate in their anterior 
part, but only in their posterior, and the air passes only in the 
part which \dbrates; the opening is, therefore, diminished. 
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Lastly, ivhen the sounds are very acute, the ligaments present 
rihrations at their arytenoid (posterior) extremity only, and 
the expired air passes only by this portion of the glottis. It 
app^s that the extreme limit of acuteness in sounds happens 
when the glottis closes entirely, and air can no longer pass 
through the larynx*.” 

A circumstance, familiar to every one, strongly bears out 
these observations of M. Magendie, and that is the prominence 
of the thyroid cartilage (Adam's apple) in the neck of men, 
and not in tliose of women and boys. The explanation is this : 
the chorda? vocales, as our plates will show, are attached be- 
liind to tlie arytenoid, and before to the thyroid cartilages ; 
consequently if these cartilages remove to a greater distance 
from each other, the cords must become longer. But this re- 
moval cannot take place by the retiring back of the arytenoid, 
for it is placed just against the gullet, and if it went further 
back, would interfere with our swallowing : it must, therefore, 
be accomplished by moving forward the thyroid, and tliis takes 
place in bo^^s just at the age of pubertj^, when, as every one 
knows, the voice becomes of a deeper tone, in consequence of 
the lengthening of the cords, and is said to be cracked; the in- 
dividual producing sometimes a high tone, sometimes a low, 
not having yet learned exactly to adapt the muscular contrac- 
tions to the new state of his vocal cords. This cliange never 
takes ])luce in women, consequently their voice at all times 
retains the high tone it had in childhood. 

But there are certain modifying circumstances, which also 
a*equire consideration : we have shown how a diversity of notes 
may be produced, but each of these notes may be stronger or 
weaker, L e., in accordance with the musical expressions forte 

* 'With this latter conjecture we are not quite inclined to agree; it is weU 
known that a iwrson attempting to bring out an extremely high note wiU some- 
times break down in the middle of it, the mouth continuing open and air passing, 
kut no sound being heard. From the air passing, it would appear that the glottis 
wns open, but the cause of the interruption of the voice is the Inability to main- 
tain the powerful muscular contraction necessary to the production of veryAcufcb 
tones. The complete occlusion of tlie glottis occurs when we make violent efforts, 
as we then always " hold in our breath.” 
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taid. piano: tkere is, furthermore, wliat the French call 
which seems to answer to what we call quality of voice ; thus, 
of two persons sii%ing the same note, one may sing it in a 
melodious, another in a harsh, tone ; one may have a mellow, 
the other a wiry, voiced whence, then, originate these diffe- 
rences? 

With regard to the first, it would appear that the greater 
or less quantity of air forced out in a given time, is the chief 
means of increasing or diminishing loudness, by increa^ng or 
diminishing the extent of the vibrations. A certain adaptation 
of the parts, however, is here required, otherwise not Only 
would the intensity be increased, but the tone would be raised. 
Every one who has listened to the wind blowing through a 
key-holej knows tliat as long as the wind is gentle and mode- 
rate, there is only a low cooing, or murmuring sound pro- 
duced ; but when the strength of the wiUd is mucli increased, 
and it blows a storm, the cooing rises to a slirill whistling, or 
shrieking sound, many intervals more acute than it was heard 
before. Now the same should take place if our glottis were 
immoveable every time we attempted to shout or calJ out 
loud ; that it does not take place, is the result of our 
larynx being a vital instrument. It seems moi^ difficult to 
explain the difference of quality in different voices, and this is 
the less to be wondered at, when we find persons most skilled 
in acoustics and mechanics unable definitively to assign the 
cause of difference in quality of two violins, which they can 
take in their hands, measure, weigh, inspect, take to pieces, 
and examine in every possible manner. In both cases, how- 
ever, it appears probable that the proportions and the quality 
of the mateiial must be ti)e most important elements, and set- 
ting out from this foundation, M. Geoffroy St. Hilaire endea- 
vours to show how we may account for the weak and wailing 
voice of infancy, when the cartilag(*s are still soft, spongy, and 
yielding ; the more powerful and resonant voice of ma^ood, 
when all the parts have acquired their due proportions, hard- 
ness, and strength : the alterations produced in the voice by 
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disease, when the lining membrane of the larynx becomes 
thickened and engoiged by inflammation; and, Anally, ^ 
disagreeable, broken, and cut voice of old age, when the parts 
have no longer an unimpeded freedom of motion, and are no 
longer of an uniform density, bony matter being then generallj 
deposited in different parts of tlie cartilages, -The influence of 
such causes we conceive to be undoubted ; but we join Pi- 
orry in thinking that further modifications may be accounted 
for by varieties in the thickness, consistency, length, and 
structure of the chorda; vocales, as (to use ourselves a mecha- 
nical illustration) varieties in the quality of tone of a violin 
may be undoubtedly produced by altering the size and quality 
of its strings. The nature and form of the cavity through 
which the voice passes after being fonned, must also be taken 
into account, and tJiis includes the consideration of the pharynx, 
the mouth, the posterior nostrils, &c. &c, 

Mr. Willis, indeed, insists on it tliut this ^ 

latter consideration is alone sufficient, without varfaWc. I 
any attention to the former, and he argues in cavity, 

tins way. The vocal mechanism may be consi- * 

dered as consisting of Imgs or hcllowsy capable of 
transmitting, by means of the connecting tohid- 
pipe, a current of aU* through an apparatus con- 
tained in the upper part of the wmdpipe, ^ 

termed the larynx. This a})paratus is capable of g 

produeuig various musical notes, which are 
heard after jiassing through a variable caoity, 
consisting of the pharynx, mouth, and nose. 

Now, if this arrangement be artificiullj" imi- 
tated, by combining together pipes and cavities, 

with bellow'^s in a similar order, and substituting 

for the larynx an elastic lamina, capable of pro- 
ducing musical notes when vibrated by the stream of air, it is 
found tliat, by changing the form of the cavity above it, the 
various qualities which distinguish the continued notes of the 
human voice in speech, may be so nearly im]>arted to the soimd 


Variable. 

Cavity. 


Larynx. 


Lungs, or 
Bellows. 
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which the imitative loiynx is producing, as plainly to show 
that there is no necesaiy for seeking any power of altering the 
quality of the notes in the larynx itself. This, then, inay be 
considered merely as an instrument for producing certain 
musical notes, which sate afterwards to be converted into 
vowels, liquids, * &c., by the proper Ranges of form in tire 
superior cavity. 

On reviewing this sentence, however, it will be found that 
Hr. Willie does not absolutely disagree with us, though his 
terms might lead to the supposition, for a little attention will 
show that he does not attach the same meaning as we do to the 
word quality of voice, but uses it to express that modification 
by which voice is formed into vowels, liquicte, &c., in short, 
whdt we tall articulation. 

With respect to the quality of the voice, Vicq d* Azyr makes 
the interesting observation, that its fineness and excellence 
seem, in general, to he ex^tly proportioned to the simplicity 
of the organs by which it is produced. Thus, in man, the 
?whole construction, as we have seen, is of extreme simplicity, 
slit between two vibrating cords, siippoiled by cartilages, and 
governed by muscles ; while in the moukey tribe, it becomes 
complicated, with one or two membraneous sacs, or in some 
even with an irregular bony cavity, communicating by a hori- 
zontal passage with the larynx, immediately anterior to the 
ckordcB ‘oocaleSy while, at tlie same time, the voice has become 
altered and deteriorated, and the power of ai’ticulation is lost. 
In the digitated quadrupeds, such as the dog and cat, the 
larynx bears much resemblftiice to the human, except that in 
the latter, immediately below the chorda? vocales, ai*e placed 
two very fine membianes, which vibrate when air is foreed 
even into the dead vdnd-pipe, and produce a sound extremely 
similar to tlm purring of the animal when alive. In the pig 
the epiglottis is large and thick, the edges of the glottis are 
hard, cartilaginous, and pierced by a cleft, which allows theair 
to^passhito two cavities occupying the place of the ventricles, 
firom which the air is expelled, by means of the muscles which 
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inv^t them, with a In the horse M. Herissant 

ucnfihed two small triangular membranes, situated at the extre- 
mities of the glottis, and which he supposed to be connected 
with ndghmg. This structure is wanting in the mule and 
ass, who,* however, have one more singular in a little cavity 
hollowed out in the thyroid cartilages, across which is drawn 
a tight membrane, like the parchment over the head of a 
drum, but admitting air behind it, and producing very consi- 
derable, though, from the Want of muscular fibres, unmodified 
vibrations. In the hat the chordas vocales are extremely 
reduced in size, and in some species quite wanting, which will 
account for their muteness, or their feeble imperfect voic^; 
another peculiarity of this order is, that they want the-- epi- 
glottis, a character which is also to be observed in birdb. ■ ^irds 
have no epiglottis, but its place is supplied by circular muscular 
fibres which run round the top of the windpipe anil close it 
at will, so accurately as completely 4o prevent the eni^ance of 
any foreign body. The proper larynx, or organ of voice, 
appears to lie situated in these animals low down in the neck, 
or just where the windpipe is dividing into its two principal 
branches, and the distinction, liefore noticed is equally appli- 
cable here ; in birds of sweet and .melodious voice the oigan is 
simple, as we see in the canary-bird and nightingale ; - in those 
with loud, harsh, or disagreeable tones, it is compound, fai«- 
nished with additional membranes, of even having the wind- 
pipe twusted into convolutions, of which forms we liave exam- 
ples in the goose, the wild swan, &c. To these characters we 
must add, that in the singing-birds the lower or proper larynx 
is surrounded by abundant muscular fibres, whence its various 
intonations ; but it appears membranous and devoid of muscle 
in the duck, the chicken, the bustard, that have only a clmk^ a 
quacky or some other monotonous note. In feptiles the voice 
aeems to reach its last term, and even to become extinct upon 
the total disappearance of the parts the larynx. In front of 
the glottis of the frog are placed two long vibrating ligameiJta^ 
perfectly detached from the surrounding parts, and incased in 

T 
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a fsartilaginoud fiiiame of a lozenge-shape, the front extremity of 
trhich is in content with the back of the tongue. Those m 
the organs which give the long deep eroak, so annoying to any 
one who has ever had occasion to attempt sleeping in the 
vicinity of a marsh inhabited hy animals of the frog-kind. In 
serpents, the larynx and cords may he said to be quite gone ; 
the windpipe opens behind the tongue in a long narrow slit, 
and the sound is reduced to the hissing of air rushing through 
a narrow passage. 

We can say but a very few words respecting speech and 
articulation, and this is of the less consequence, as these mat- 
ters are to ho foimd treated of in numerous popular works 
already witliin the reach of every one. The vowels are simply 
voice modified by the shape ol the cavity through which it 
passes, and it is those that mechanicians have been most suc- 
cessful in imitating. Any person may satisfy himself as to the 
mode of their formation, who will take the trouble to pronounce 
the five simple vowel sounds, a broad, as in call ; e broad, as 
in fete ; z %3 €6 in tree ; o as in grove ; m as oo in food ; and 
observe how they gradually proceed, as it were, from the back 
of the throat to the front of the lips, with corresponding modi- 
fications in the degrees to which the mouth is opened and 
elongated. Of course the vowel sounds may be as numerous 
as those modifications can be made appreciable. Dr. Amott 
says about twenty of them are sufl&cieutly distinguishable, but 
few languages comprehend more than twelve. Mr. Wheat- 
stone, ill an ingenious note inserted by Dr, Elliotson in liis 
fourth editi(ui of Blumenbach^ s Physiolopy^ indicates a double 
series of vowels difioring in their mode of fonnation, and 
diveiging from aw (call ; as a central point. In the first series^ 
he says, the external* aperture remains open, and the internal 
cavity gradually diminishes hy the successive alterations of the 
positions cf the tongue : in the second series the positions of 
the tongue ore successively the same as in the first series, but 
the aperture of the lips is diminished. We do not exactly under- 
stand the table which Mr. Wheatstone professes to have oo&- 




The third scriet appi are to bo a series composed of an individuali which |b 
tather a novelty. Other observations, in addition to thoso which we have 
above, will, doubtlees, oocvr to any person who peruses the table with attstttian. 
It is one of the latest constructed , hut we must say it appears rather the 
ef aphilologist than a physiologist. 

t2 
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depends altogether on the consequent consonant ; and if this he 
considered sufficient ground for distinction, he should not have 
stopped at two^ but given us distinct vowel sounds for almost 
every combination of which each vowel is capable : thus, in 
the present instance, he ought to have distinguished the o in 
cobra, cove, coat, cone, cole, court, coke, &c., because in each of 
them tlie vowel sound is interrupted by the consequent con- 
sonant in a different part of the mouth, -which is the only 
distinction between the o in coat and the o in court. To exem- 
plify this in. the clearest manner, let the oa of the one, and the 
ou of the other be followed by the same consonant, and their 
sounds at once become identical : who can distinguish in pro- 
nunciation between coarse and cowrsc ? 

Of the consonants, perhaps the clearest account is that 
given by Dr. Amott, wdio considers them as resulting from 
the interruption of the true, or vowel sounds, by the closure 
or approximation of the parts through whicli they are passing. 
Thus, let any one fomi the sound a, and suddenly stop it, by 
closing his lips tight, and he will plainly liear tlie syllable ap: 
if the closure have been effected softly, and without compress- 
ing the lips, the syllable will be ab. In this ^way we get and 
h, two of the labial consonants, as the effect to the ear is quite 
the sanic, wdiether the consonant be pronounced before or after 
the vowel. 

If now, in place of the lips, we stop the sound with the 
tongue, by causing it to strike the palate, just behind the 
teeth, we get the sounds at and ad, that is, t and d, according 
as the closure has been effected tightly or softly. But if we 
use not the tip, but th^ middle of the tongue, so that it may 
rise up against the palate deeper in the mouth, we have the 
sound aJh, ag; and still further back, if the modification be 
made at the top of the throat with the very root of the tongue, 
wo shall hear the ch of the German preposition nach, the same 
as the closing sound of the Scotch loch, or the Irish lough. 
This is a sound whicli Englishmen find some difficulty in 
forming. If now we go through the three positions already 
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indicated^ viz., the lips, the tip of the tongue, and middle of 
the tongue, allowing, at the same time, the sound which is 
Stopped in the mouth to continue through the nose, we shall 
hear am, an, and or the three nasals^ m, n, and ng (as in 
hang), the last being the nasal sound so much used by the 
French, whose language requires in so great a measure to be 
spoken through the nose. There are various other modihea- 
tions for pronouncing the other consonants, but all explicable 
on a similar principle ; we shall only notice one more : viz., 
that made by closing the lower lip against the upper teeth^ 
which, as like the positions already mentioned, it may be done 
in two ways, gives us two sounds af and av, or the consonants 
f and V. From principles such as these Dr. Amott has been 
led to a consideration of the best mode of treating stuttering, 
lisping, and other deficiencies in the use of the vocal organs, 
and has laid down seme rules equally philosophical and simple, 
by a proper attention to which, it seems more than probable 
that any intelligent person would be able to cure himself. ‘‘A 
lisping person, for instance, is cured at once, by being told that 
the tongue must not touch the teeth in pronouncing the letter 
s; and a Frenchman, w^ho deems it impossible for him to pro- 
nounce the English sound of th, discovers that he cannot avoid 
doing so, if he rests his tongue softly against his teeth, when 
opened a little, and then forces breath or sound to pass between 
the tongue and teeth.” 

We promised a few words respecting sighing, coughing, 
yawning, &c. : they are all only different modes of respiration. 
When a person becomes occupied with some absorbing re- 
flection, as when one sits overwhelmed with silent grief for the 
loss of a dearly-loved friend, the entire attention is devoted to 
the image with which the mind is occupied, the appeals made 
by the organs of sense to the brain are unnoticed, and foreign 
objects pass disregarded ; even the vital functions seem to sym- 
pathize with the general concentration, and suffer their action, 
as it were, to flag, or be imperfectly performed. The lungs 
rise less frequently in respiration, because the intercostal mus- 
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cles and diaphragm, which should expand the chest, suffer 
intervals to elapse between each performance of their office. 
In conseriuence the blood is less rapidl}*' aerated, and less eaf^ly 
passed through the lungs : it begins to stagnate and collect in 
the right side of the heart, to which it is returned as usual 
from the body; the right auricle and ventricle are clogged and 
overladen, there is a feeling of heaviness and oppression, well 
termed " the sickness of the heart,” which increases until the 
anxiety and distress become so painful as to attract attention; 
the vital system seems, then, to be sensible of what is wrong, 
a sigh, tliat is, a deep inspiration, is made, the effect of which 
is to expand the lungs and take in a large quantity of fresh 
air ; the increased size of the lungs pennits the labouring heart 
to rid itself of its superabundant quantity of blood, which the 
large supply of air serves at the same moment to puiify, so 
that we perceive a degree of physiological accuracy in the no- 
velist’s description, his heart was ready to hurst, when a suc- 
cession of deep sighs appeared to afford liim some relief.” A 
sigh carried to the deepest, and accompanied during expiration 
with a slow vibratory motion of the vocal cords, constitutes a 
groan. Sobbing also would appear to be but a modification of 
the same action, in which the full, deep inspiration, is broken 
into a number of successive short inspirations by a catch, which 
in weak nervous people is ajit to become convulsive or hyste- 
rical, ill tlie descent of the diaphragm. 

Yawning is, in the mechanical part of its execution, ex- 
tremely similar to the above, except that the expiration is ge- 
nerally as long and slow as the inspiration, and often accom- 
panied with a singular voice. It seems generally consequ^t 
on a fatigued state of the muscles of the body, in which the 
muscles of respiration share, and thus perlbrming their work, 
as it were, imperfectly, are at times obliged to take in an extra 
supply, for which purpose the month gapes, and the jaws at© 
separated widely, so as to admit as much air as possible. 
During sleep, respiration is also slower, so that upon waking 
most aniiuals yawn and stretch themselves, as if to awake all 
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their muscles to the proper tone for renewed action during the 
day. According to Richerand the crowing of the cock and 
flapping of his wings are intended to serve this purpose; he 
. adds, that the concerts with which the tribes of singing-birds 
■fill our groves at sunrise, have their origin in the same cause, 
though he forgets to say whether their evening song is to be 
considered os yawning before they go to bed. 

A cough is a sudden and forcible expiration, the object of 
which is to cause a rapid current of air from the lungs along 
the windpipe, which is, at the same moment, cojitracted by 
the small muscles which lie along its hinder part, so that the 
air, rushing with force through a narrow passage, may bring 
along with it any superfluous quantity of mucus or any foreign 
matter which may have come in contact witli the fine lining 
membrane, and so have excited irritation. This is the reason 
why people cough after having, as it is usually termed, caught 
cold. The eflect of cold directed, as most frequently happens, 
cn the sensitive membrane which lines the nostrils and air- 
passages, is to produce an afflux of bloo5 to this part, in con- 
sequence of which the glands with which it is supplied form a 
lai'gcr quantity than usual of their proper mucous secretion; 
this w ould in a short time accumulate, so as to impede the 
passage of air, did w e not remove it from the nostrils by blow- 
ing, that is, by closing the mouth, and so causing ^1 the ex- 
pired air to pass tlirough them, and from the w mdpipe by 
coughing, the mechanism of which we have tdready noticed. 
Sneezing differs very little from coughing, except that it m 
generally more violent, and the air is, as in blow^ing, directed 
almobt entirely through the nose, the object generally being to 
dislodge some ofiending substance from its internal and very 
sensitive suiface. 

In laughter a full inspiration is succeeded by a number of 
short expirations, each interrupted, as it were, by a paitial 
closure of the glottis, accompanied with the production of 
voice. It is laid down by Soemmering, that a moderate laugh 
may be, under certain circumstances, advantageous to one’s 
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health — “ quia iutra idem tempus, quo alias nonnisi semel re- 
spiramus, plures inspimtiones et expirationes breviores repeti^ 
mns, ideoque insigniori conqiiassatione sanguinis in abdomilie 
circulationem promoveiiius liecause within the same period in 
which we should otherwise have mode but one respiration, we 
now make many shorter inspirations and expirations, in conse- 
quence of w'hich we assist the abdominal circulation by giving 
a shake to the blood. It is pleasant to find so philosophical an 
explanation of the common pi*ovcrb “ Laugh and be fat,” 
Men, we are told, generally laugh with the vowel sound aw or 
o ; women with that of a (fate) or ee^ A long-continued 
laugh, as it interrupts regular breathing, will cause the afRux 
of blood to the head, so that we shall see a person during a 
heaidy fit get red in the face, while the unusual quantity sent 
to the lacrymal glands stimulates them to the performance of 
their function, and, under such circumstances, the eyes, first 
water, and then tears trickle down the checks, in whicli case 
a man is said to laugh till he cries.” The mode in which its 
physical causes, such as the titillatlon of the ends of certain 
nerves, produce laughter, is not well understood ; still less can 
we explain how it should originate in mental emotions. In 
some states of the constitution, generally such as are accompa- 
hy nervous debility, laughter occurs without any of its 
ordinary i^xciting causes, and even without being within the 
control of the will ; this we know to occur in that class of dis- 
eases tenued hysterical. In infants, also, the retraction of the 
comers of the lips, and other muscular actions, which usually 
accompany laughter, are, at times, the consequence of impres- 
sions made on different paHs of their intestinal canal hy worms 
or other irritating causes, bO that where the nurse or mother 
suppose the child to he expressing feelings of comfort or plea- 
sure by a smile, the pliysiologist will often behold a dight 
convulsive twitching at tlie commencement of the alimentary 
canoJ, indicative of irritation which is taking place within. 
Crying commences witli a deep inspiration, followed by short 
interrupted expirations, which sometimes agitate the whole 
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chest, together with the head and abdomen ; expirations and 
in^irations continue accompanied by more or less noise, until 
at length it terminates in a full expiration, followed by a deep 
inspiration, that is, a sob or sigh. Children are often observed 
to cry in a certain tone and measure. The physical effects of 
casing are stated by Soemmering to be nearly the same as those 
of laughter, though the moral causes with which it is gene- 
rally connected, such as grief, anguish, &c., being of a depress- 
ing kind, must exercise a prejudicial influence. There is not, 
however, the same danger from excessive crying as from exces- 
sive laughter ; cases are ou record of persons having suddenly 
died from the latter, but none of such an unfortunate result to 
the former. 

The mere pouring out of tears is not crying, as the mere con- 
traction of the muscles about the lips is not laughter. It may, 
as we have shown respecting laughter, take place from causes 
merely physical, and with which there is no mental suffering 
connected. A determination of blood to the head, even where 
the individual may not be immediately sensible of any incon- 
venience from it, may so stimulate tlio lacrymal glands, that 
nn effusion of tears may he the consequence ; and we have 
ourselves more than once seen this involuntary weeping occur 
as a preliminary symptom to apoplexy. Dust, or irrits^ing 
matters entering the eye, may also be the cause of an effusion 
of tears, the object of which, in this case, is to dilute, dissolve, 
or wash away the offending substance. The wisdom of tliis 
contrivance is fully exemplified in some cases, in,^luch the 
nerve supplying the surface of the eye with sensibility lias 
been divided, and so the sensibility lost. It is to be obse;i*ved 
that this sensibility is totally distinct from the power of see- 
ing, which, as we shall explain in a subsequent chapter, be- 
longs not to the surface, but to a nerve situated iu the deep 
parts of the eye, or rather to the part of the brain with which 
this nerve communicates. When the sensibility, however, of 
the surface is lost, notice is no longer given of the presence of 
offending substances, the lacrymal gland H not stimulated to a 
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due performance of its oiEce, tliey are allowed to remain, until 
by their presence they cause irritation, inflammation, and 
ulceration of the cornea, which, in its turn, becoming opaque, 
stops the access of light, or, being eaten through, allows the 
internal humours to escape, and so the individual becomes 
completely and permanentlp^ blind. On how many apparently 
trifling adjustments does our happiness, our comfort, nay, our 
very life, depend ] 


Chapter X. 

THE NERVOUS SYSTEM. 

In no class of created beings, except in animals, do we And a 
^stem appointed for the perception of external impressions, 
and the coinniunication to certain instrumeuts of motion, of an 
internal impulse to action. Such a system is the nervous. 
By it we gain all our knowledge of the world that surrounds 
^7 modifled and assisted by certain arrangements ob* 

servable in the organs of the senses, we see, hear, smell, taste, 
feel ; by it we are made aware of the presence of such objects 
as are useful and agreeable, or, on the contrary, injurious and 
destructive ; and, finally, by it we so direct our motive powers, 
consisting of muscles, tendons, bones, &c., that we may ap- 
proach the one, or avoid the other. It is thus in direct and 
necessary connexion with the developcment of the muscular 
system. To what use the power of seeing the approach of 
danger, if we were unable to fly from it to what use the 
power of flying, if not directed by a perception of what was to 
be avoided ? It is thus that, as the power of changing place 
becomes less and less in the lower order of animals, tlie nervous 
system becomes more and more imperf ect, till in tlie zoophytes, 
which stand, as it were, on the verge of the vegetable king- 
dom, and spend thA lives attached to the spot where they 
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had their origin, the body presents an imiform pulpy appear- 
ance, liom which muscles and nerves seem equally banished. 
By careful examination with a microscope, Spix conceived he 
made out certain nervous fibres in these animals, and, after 
some examination, De Blainville seems to allow Spix’s dis- 
covery ; but, whether they do or dp not exist, it is evident 
from the doubtful way in which they are described, and the 
pains that must be used to find them, that they are extremely 
obscure, and barely sufficient to maintain the last faint shade 
of sensibility. It is, tlieretbre, in the higher order of animals 
that we must look for the clearest developement of this system, 
and, considering it as a whole, in none will it be found so per- 
fect as in man. Hitherto, however, anatomy has failed to 
ascertain any particular pai*t superadded to the rest, and so 
distinct, that we could point to it as the clearly definitive 
mark between man and all other animals. Soemmering, 
indeed, points out no less than fifteen anatomical peculiaritieB 
in the human brain, but they are rather in the complexity of 
organization and fulness of developement df certain parts, than 
in anything clearly additional. Messrs. Gall and Spurzheim, 
to whom we shall have occasion frequently to refer, [and to 
whom the anatomy of tliis organ owes much, do not, however, 
appear to have shown (abstractedly from their peculiar doc- 
trines) anything very satisfactory on this point. 

The nervous system, as viewed in the liigher order of 
animals, consists of four parts; the brain, spinal marrow, 
nerves, and sympathetic, or ganglionic system. In former 
times it was usual to speak of the brain os the root, the spinal 
marrow as the trunk, and the nerves as the branches springing 
from it. Tills order is now nearly reversed : in examining the 
formation of the foetus, the spinal marrow is found to exist 
before the brain, and in tracing down the chain of animalB this 
latter is found wanting, where nerves and ganglia still exist 

[>1^ As being the most facile way of acoounting for the doyelopanent of the 
human embryo, it was first assumed that eich organ pre-exist^ in all its com- 
plexity, although inconceivably minute, developement being only accretion ; the 
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Now the matter ont of which all the nervous system is fyamed 
would seem to be but of two kinds, the one soft) pulpy? 
grayish, or rather of a light-brown colour, abundantly supplied 
with vessels, but exhibiting scarcely any traces of organization, 
appearing under tlic microscope to be formed of an immense 
collection of extremely minute globules, held together, as 
some say, by a fine transparent mucus ; the other white, firmer, 
and denser in structure, and assuming in many places the 
appearance of fibres, of i^hich, indeed, Gall and Spurzheim say 
it is all composed. These two parts ore not mixed together 
indiscriminately in the formation of the brain, but aro always 
found to preserve an uniform arrangement, being in some places 
quite distinct, in others occupying alternate layers, so ns when 
cut through to give a striated a2)pearance. From the immense 
quantity of blood sent to the gray matter, it was by many con- 
sidered as a secreting organ ; and those wlio believed that 
nervous influence took place by means of a subtile fluid, held 
that that fluid was formed here. With them tlie white paii 
was a collection of lilaments, which were nothing more than 
very fine hair-like tubes, through which the fluid passed ; the 
nerves were composed of a certain number of tubes issuing 
from the brain, and surrounded with an envelope of cellular 
structure, and the si)inal morrow itself was nothing more than 
a larger collection of the same kind. Of course this theory is 
totally disproved by the facts we have already mentioned, as 
4o the order in which the parts are formed, and which M. 
Series has traced into the general laA\, that developement takes 
place from the circumference towards the centre ; but, inde- 

mioroscopf', however, refused to «[upport this ])of>ition by a single fact. An 
annlogy taken from tlie vegetable kingdom formed the wcond ecru of error upon 
this point ; the cmbr>o was a seed, each organ gemiinating from a fixed point — 
the vessfliB from the heart— tho nerves from the brain, &c., but observation 
failed in supporting this case also. The most recent theory is the reverse of its 
predecessor ; instead of a centrifugal dovelopemont, that is, taking place from a 
centre towai^ e oirrumferenoo, it is now considered to be centripetal, or from 
the circumference to the centre. Although this is not a literal ei^preiMon of the 
facts, yet it may be oonsidored to hold good in the main, especially m regards 
the nervoitt ^stom.] 
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pendftntly of this, they never were able to show by anatomy 
thflt the nerves were so formed, or that they did contain any 
fluid. 

The view taken by Dr. Gall, and more fully confirmed by 
the researches of Beil, is that now more generally adopted. 
Observing that the white filaments can always be traced at 
either end to a ganglion, or collection of this gray matter, 
observing also that such ganglia occur occasionally, in the 
course of the nerves, which are all white, or, at the union of 
several filaments of nerves, termed pleruSy and that after 
passing through such ganglia, the nerves always issue with 
increased bulk, or more numerous filaments, he concluded that 
the organiised white filaments or fibres were the working part 
of the brain and nervous system genei’all}^ and that the gray 
mass of unorganized globules was the ‘‘ matria) of the medullai^’’ 
filaments,” that is the source from which they derived their 
origin, and through which they were supplied with nutriment. 
The brain of man is composed of these t\\ o kinds of matter, 
enveloped by certain membranous coverings, and supplied with 
blood by the internal carotid, the vertebral, and some smaller 
arteries. It is placed in the cavity of the skull, which it fills, 
and an idea of its size may be got by any one passing his hand 
across the upper pai*t of his eyes, thence along the ear, just 
over its extcraal opening, then along the neck, just where it 
becomes united with the head, and so round by the other ear 
to the eyes again. All the space above this line may be said 
to be occupied by the brain. It will be observed that this line 
sinks considerably deeper beliind than before, and the lower 
part behind, being differently formed from the rest, of a 
different structure, and separated from it, excei>t at the root, 
by a strong reflection of the enveloping membranes, is geneially 
distinguished from it, the anterior and upper parts being called 
the cerdyrum^ or brain proper, while this is termed cerebelltmy 
or little brain. This 'will at once be understood from the 
accompanying cut. 

This is the first division of the brain ; but the c&rdmm is 
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Anther diidded^ hy means of a deep longitudinal farrow, 
running its whole length, and separating it into two parts. 



Side of Skull and Mem'branes removed : Figure and Site of Brain displayed. 

^ A, the cercbi'um; B, the cerebellum; C, beginning of q?inal marrow. 

called hemispheres. The division is made by the strong pro- 
tecting membrane, called the d/ura mater^ coming fmm each 
side, and being reflected down along the central line, so as to 
separate the hemispheres to a depth of about an inch and a 
half. This dura mater is placed like a strong sheath to en- 
velope and support the whole bnun ; it is immediately in con- 
tact with the inside of the skull, hut between it and the brain 
is placed a much finer membrane, called the pia mater^ which 
envelopes every part, and affords a passage to the minute veseela 
by which the interior substance is nourished. Between the 
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folds of the d/wm mater ^ dipping down to form the division we 
hare mentioned, is left a cavity, termed into which the 
reins of each hemisphere discharge their blood. The course 
of this sinus any person may trace, by laying his finger in the 
centre of the highest part of his forehead, then canying it back 
in a straight line along the centre of his head, until he comes 
behind near his neck to a hard bony protuberance; so far he has 
exactly traced the course of the sinus, and of the blood in it. 
But just at this point it is joined by other vessels bringing 
blood from the deeper parts of the brain, and the quantity col- 
lected is so great, that it would be inconvenient that it should 
any longer continue in one channel. At this point, therefore, 
it divides ; and if, placing a second finger by the side of the 
first, he draws one towards the hinder and lower part of each 
car, lie will be still tracing the course of the blood now con- 
tained in a sinus for each side, formed by a second reflection of 
the dura mater^ which, as we before said, divides here the 
cerebrum fr-om the cerehelkm^ so that by observing this lino we 
arc further enabled to pronounce that the former lies above, 
and the latter below it. When the sinus has arrived at this 
point, it ivceives its lust addition of Mood brought from the 
deep parts iu the front of the brain, and turning down through 
a hole in the skull, it discharges itself into the great jugular 
vein, which commencing just here at each side, conveys the 
blood down the neck, and finally pours it into the heart. 

The hemispheres thus divided, correspond very nearly with 
one another. In general a little difference in point of sise is 
ohscrvable, the preponderance being most frequently, though 
not always, in favour of the right. Their surface, as seen in 
the above cut, is marked by a great number of eminences, 
rounded on tho edges, and winding into one another. These 
are termed the emoolutions of the brain, whilst the depressions 
by which they are separated are called anfr<ietuositie8y or fur- 
rows. The number and size of the convolutions vary exceed- 
ingly, and are seldom found the same in the two lobes : they are 
sometimes very large, sometimes very small, in individuals of 
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the same age; in general they are small in foetuses and new- 
born children. The furrows are ec^ually variable, running in 
all directions, sometimes simple, sometimes subdivided, some- 
times very long, sometimes very short. They generally pene- 
trate the brain to the depth of about an inoh, aud so far of 
course the convolutions can be separated from one another. 
These convolutions Gall and Spurzheim consider as the oigans 
of the different faculties and sentiments of the mind ; we must, 
therefore, inquire a little more closely into their structure, 
Spurzheim made a section of a bniin from front to rear, 
and continuing it down through the upper part of tlio spinal 
marrow, produced tlic appearance in our next plate. Here we 
should first observe the fibres arising from the anterior part 
of the spinal marrow, which also contains gray matter for 
their nutriment. These fibres passing tliroiigh the part 
termed the pms Varolii (from its uniting the two sides of the 
cerMlmi like a bridge, aud having been particularly described 
by Varolius), direct themselves upwards, and after being roin- 
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forced by pa^siliig through two successive coHectious of gray 
matter, £ and s, which Gall cells the inferior and superior gau* 
glia of the brain, they finally spread out, as we see, in the Con- 
volutions, unifonnly capped, or surrounded, by further layers 
of gray matter, which, from its always being found on the Sur- 
fiiceofthe brain, has acquired the name of 6ut 

there is a second series of white febres, which arising, as it 
would appear, from this cortical Substance, and directing them- 
selves toTvards the centre, form what are called by 

means of which the several ports of the brain are, as it 
connected into one whole, and Uncord between their funcfioiB 
ensured! Such is a sketch, necetearily very imperfect, nf the' 
Structure of the e&redrumg as evinced by the researches of 
and Spurzheim, as well as of other anatomists, who having no 
theory to support, are, tljerefore, mpjst trustworthy. 

The eere^Uuniy n, seeiml not to have been so easily or so per-' 
fectly described. However, as seen in our plate, they connect 
this with the posterior fibres of the spinal marrow^ w, which, 
at this part, form rope-shaped bodies, thence termed emrpora 
restiformtaf. These they trace into the centre of each hsini- 
spherc of the ctebeHum, and there find them terminating m a 
rmdeu^y or ganglion of gray ms||er, n. From il|s white fila- 
ments are seen to branch out on every side, covered, os in the 
cerebnam, by gray cortical substance, from ^bjch arrangement 
there rei^ts the peculiar appearance we have figured, and 
which is usually denominated a/fhor ifttcp. The cerMhm has 
also its ^uverging fibres, and these, it w<mld appear, constitute 
the external Ikanmrse layer of the pons^ Which must^be re^ 
moved or eut through, before the deeper ^res, running hum 
the anterior part of tile cpinal morrow to form the convolutions 
of the brain, can be shoVhx. That the pens is so formed, is 
farther shown by its beifig deficient in fishes and reptiles, 
where the cerebellum has no lateral hemisphere^ conaist|nfi 
solely of the central part. ' 
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la c^taal partt^f each h^mis^ere of the eerehrump is 
£>und a cavity lin^ by setoas membraaa. These cavities are 
termed ventricles ; during health their sides are closely laid 
together, so that, in fact, no cavity msx be said to<e:dst in such 
cases, but as the s^us membrane which lines the abdomen 
may, by ah increased exhalation from its surface, give rise to 
dropsy, so the serops lining of the ventricles may, if its exha* 
lation is greater than its absorption, give rise to an accumula* 
tion ef water in these cavities, constituting the formidable dis- 
ease termed hydrocephalus^ or water on the brain. Another of 
these cavities is to be found at the top of the spinal marrow, 
or just where its bundles of fibres ore said to separate, the an- 
terior to pass to the cerebrum, the posterior to the cerebellum. 
Above, and a little in front of thib <iavity, is placed the cele- 
brated pineal gland, which Des Cartes chose to make the seat 
of the soul. It is a little round body, about the size of a pea, 
formed of gray matter, and covered with the pia materp which 
'woAhave before mentioned as the internal membrane covering 
the brain. It is very singular that this little body is constantly 
found/ afrsT a certain age, to contain fine gritty particles, ap- 
pearing like siliceous sand. The use of the body is unknown ; 
yet, from ita situation, there scorns little doubt that it must be 
of importance, os we find two white cords, like nerves, running 
from it, and forming direct communication with the inferior 
ganglion of the brain, and with the great central commissure, 
by which the two hemispheres of the cerebrum are connected. 
From this point the spinal maxrow may be traced down into 
the canal formed for its reception, along all the bones of the 
spine ; and, in its passage along here, it gives out a pair of 
nerves at every interval kft by the vertebree. 

The general appearance of the spinal marrow is that of four 
thick nervous columns or rods, placed together so as to make 
iJmt <me column. The depressions, however, are still evident, 
tual the cdumins are spoken of as two anterior and two poste- 
jiRor. A <ihnR|ge in the position of the gray matter is also ob- 
S|rvable here^ for it is no longer placed on the surface, as in the 
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barain, but is entird j ^Doulbed to ihb ooflCtre^ so that a horizonta 
cut, carried through the spiual mflnow, would give this 
pearauce. Tfeo indentation at the untorior 
face a, istnueh the de^st and most dis- 
tinct. That oh the posterior fjEioe, is also ^ ^ 

sufficiently marked, so that the division of 
the column, by a line from front to rear, i^ 
sufficiently obvious. The lateral grooves, Z, I, are by no means 
so plain, indeed they are seldom to be seen, and we have vepre- 
seated a slight indentation there, rather to keep up, in the 
reader’s mind, a recollection of the distinction which exists 
between the anterior and posterior columns, than as expresdl^ 
anything our own dissections have ever shown us. The exist*- 
ence of this distinction will be made ffioro evident when wo 
come to speak of the functions performed by the nerves de- 
rived from these parts. In the centre of our plan is seen the 
gray matter, while that by which it is surrounded, and from 
which the nerves seem more immediately tb take their origin, 
is white. At its upper part, just 
where it unites with the brain, the 
spinal marrow becomes more complex. 

It no longer consists merely of four 
rods or columns ; other parts seem to 
be interposed between them, as we 
liave represented ; and as those parts 
increase, so do the nerves arising from 
them perform more various offices- 
This part of the column is not per- 
fectly spinali it lies within the skull, 
gives origin to many of the nerves of 
the iiead, and those which direct the Medulla ouongata. 
action of some important internal parts, such as the lungs a nd 
stomach ; and its division close to this point is certainly and 
immediately fetal. At the other extremity, the spinal marrow 
extends os for as the loins, and there terminates by opening 
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out into a great quantity of nervous cord^ ^ence spring the 
nerves of the loircr extremities. 

The spinal marrow is protected, in its case, by an externa! 
sheath of ‘firm fibrous structure, continuous with the dura 
fmUer of the brain. This membrane, after lining the skull 
and giving sheaths to the several nerves passing out, descends 
into tlic cavity of the spinal column in something of a funnel- 
shape, continuing to lino it all through, and connected with 
the bones by means of a loose cellular structure. The spinal 
marrow is more closely embraced by anotlier and much finer 
membrane, which is analogous to the pia mater of the brain, 
Cloquet confines tills membrane to the skull, and con- 
aid^ tho second envelope of the spinal marrow as continuous 
with the aradmoid membrane of the brain. This is a third 
membrane, placed on the brain between the other two, par- 
taking of the nature of a serous sac, and by one of its surteees 
lining the interior of the dura mater^ while the other rests on 
the pia mater^ over the whole surface of the brain, but does 
not slip down with it into its furrows and anfraetuosities. In 
the spinal caaaal, one of its surfices embraces closely the spinal 
moiTOW and tho origin of the nerves, while tho other lines the 
external fibrous sheath, so as to make its internal surface 
smooth and polished, allowing free motion in the different 
positions of the spine. Having thus got on idea of the brain 
and spinal marrow, the central parte of the nervous system, 
let us next proceed to consider their functions. 

The intricacy of the human mind, as on object of study, 
must have been felt by [all who, cither as readers or writers, 
have been engaged in metaphysical disquisitions ; the intricacy 
of the final structure ot tlie human brain, and the next to im- 
possibility of unravelling its windings and tracing the course of 
its fibres, have long been acknowledged by the most skilful 
anatomists who have attempted the task. What shall we 
think, then, of those who, assuming both in their highest state 
of complexity,— the mind of man in civilized life, moulded by 
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external circumBtanoes, and altered by an artificial system of 
education, its best feelings perhaps repressed, its whole bia^ 
changed ; and the brain of the adult man, the most peiiect in 
structure, the best developed in parts, the most inextricable in 
arrangement^ containing in itself all that is to be found in tlue 
brain of other animals; and then placing these two, as it were, 
fude by side, should endeavour to explain the phenomena of the 
one by the texture of the other ; connecting what was un- 
known in the spiritual power with what was equally unknown 
in its corporeal oigan? We should surely consider they were 
adopting a most unlikely way to throw any light upon either; 
yet such lias been the mode of examining tlie brain and 
until almost the present day. But an entire change has 
place, and though it has not yet been sufficiently matux^ ia 
show' the full advantages which may arise firom it, yet mucli 
is dime when the true way is once pointed out, and the results 
already obtained hold out abundant prospect of much future 
good. 

The chemist, when he gets a compound ‘body with varioua 
qualitios, may be required to determine how fax such qualities 
are attached to Uie individual component parts^ He will care- 
fully free such body from all matters foreign to its proper con- 
stitution, he will remove all external disturbing forces, he will 
decompose the body into its simplest elements, acquaint him- 
self fully with the nature and properties of each of those^ re- 
unite them in different proportions, or with the omissiou b£ 
one or more, and then be able decidedly to answer how far any 
quality may have depended on any component port, or how 
for it may have resulted from the nature of the whole com- 
pound. This, however, is a privilege not within reach of 
the physiologist, lie cannot separate tlie brain into organs, if 
it really be composed of such, and observe the functions and 
of&ce of each ; he cannot dissect out one of those organs, and 
observe whether a corresponding faculty be removed. Even 
Gall and Spurzheim, who have mapped out the brain intOk 
twenty-four or thirty-five regions, and assigned to each the 
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performance of some intellectual duty or pa^on, liave never 
attempted to show how deep one of these organs can be said to 
go, and by what means they infer diversity where anatomy 
oidy shows us the most intricate and inseparable connexions. 
An onaly^ of this organ, then, is beyond our reach ; but to a 
certain extent it has been performed for us by the hand of 
nature. There are two modes in which it may be observed ; 
either altogether in the human subject, by commencing with 
the earliest appearance of a nervous fabric in the foetus of a few 
weeks old, and watching the gradual addition or devClopement 
of parts until its perfect state is arrived at; or by tracing it 
through the different vertebrated families of the animal king- 
dom, from the first faint representative of a brain afforded by 
the scanty medullary masses that appear in the skull of a ray, 
merely composed, as it were, of the enlarged origins of the nerves, 
up to the brain of man, in which these origins, chiefly confined 
to the upper part of the spinal man*ow (medulla 6blongata\ 
bear no relation to the great bulk of the cerebral lobes, which 
seem to have no direct connexion with the organs of sense, but 
to be entirely employed in performing the functions of what 
we call mind. Our principal guides, in this very interesting 
analytical observation, are Scemmering, Tiedcmann, Reil, Gall 
and Spurzheim, Desmoulins and Magendie, and Serres. We 
shall endeavour to explain a few of their vie^vs. 

[It is siud, and, as an abstract truth, the same holds good, 
that all differences in animal organization arc embraced by one 
law, and included in the same formula ; and to this we have 
already alluded, when bpeakimr of cellular tissue. It is sfdd 
that lower animals are, as it were, the permanent embryos of 
animals higher in the scale of life ; while, “ reciprocally, the 
superior beings, before they arrive at the definite forms which 
characterise them, transitorily offer those of the lower ani- 
mals and this is the compass that will guide us in our pre- 
sent investigation. The method of acquiring a knowledge of 
the organization of the more complex animals has been too 
anedytical , wo have been called to view the finished mastoi*- 



NJIBBTOUS Sir$TB2|C. 


m 

piece of man, the most intricate of all stractnres, and have not 
only attempted to unfold each tissue, and unravel every 
but have expected thus to find the principle of the whole ; a» 
if nature had hidden her secret in the most tangled warp of 
this matorial frame : what wonder then if we lost the path of 
our inquiry in the labyrinth of the brain ? If we wished to 
acquire a knowledge of the mechanism of a watch, confident in 
our own powers of observation, and stimulated by curiosity, 
our first impulse might be to pull one to pieces for ourselves ; 
but, broken works and coufu&cd ideas could be the only 
of our impatience : experience would soon send us to some 
skilful ortibt, who would teach us the form and adaptation pf 
each separate part ; and thus we should be enabled to comp^- 
hend the principle of the connected whole. And so it is with 
living forms, only, with this advantage, — ^the embryo-life of a 
given animal is, os it were, the index-map— the type— of all 
beneath that animal in the scale of living beings. The student 
has thus two great schools, iu both of which the same method 
of study is observed. He may trace any organ of our j&ame 
from itb simplest form in the lowest animal in which it has 
been observed, marking the addition of eocli fresh part, accord- 
ing to the necessities of the individual, till he comes to study 
its final and most perfect form in man ; or else, he may trace 
the gradual developement of the same organ in the human 
foetus. Nature starts from the same fixed point in both of 
these her courses ; advancing from the most simple to the UJ'Ost 
complex, superadding port to part, she builds up the synthesis 
of life ; and this is the synthesis of study which is rapidly 
advancing in all the higher schools of natural science, and is 
that which we propose to follow iu our present investigation of 
the nervous system of man.] ^ 

Examined at the earliest period that it is cognizable to the 
senses, the human brain appears a simple fold of nervous 
matter, with difficulty distinguisliable into three parts, while 
a little tail-like prolongation towards tlic hinder parts, and 
which had been the first to appear, is the only representation 
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of a spincd marrow. Now in tMs state it perfectly xoeembles 
the brain of an odolt fish, thus assuming, in transitu, the fom 
that in the fish is permanent. In a short ihne, however, the 
structure is become more complex, the parts more distinct, the 
spinal marrow better marked ; it is now the brain of a reptile. 
The change continues; by a singular motion, certain parts 
(corpora qmdrigmina), which had hitherto appeared on the 
upper surface, now pass towards the lower ; the former is their 
permanent situation in fishes and reptiles, the latter in birds 
and mammalia. This is another advance in the scale, but 
more remains yet to be done. The complication of the organ 
increases; cavities, termed rmtricles, are formed, which do 
not exist in cither fishes, reptiles, or birds ; curiously-organized 
rts, such as the corpora striata or superior tubercles of the 
cerebrum, are added ; it is now the brain of the mammalia. 
Its last and final change alone seems wanting ; that which shall 
render it the brain of man. We thus sec that man, conddered 
merely as an animal, is, by his organization, superior to every 
other being ; and that, in the growth of a single individu^ 
Natur# exhausts, as it were, the structure of all other animals 
before she arrives at this lier ebef-d* oeuvre^ But wo have not 
yet done with the human brain. In addition to the above 
facts, for which we are chiefly indebted to Tiedemann, M. Serres 
has made the still more singular observation, that in the 
advance towards the perfect brain of the Caucasian, or highest 
variety of the human species, this organ not only goes tlirough 
the animal transmigrations we have mentioned, but succes- 
sively represents the characters with wliich it is found in the 
Negro, Malay, American, ami Mongolian nations. Nay, fur* 
ther, the face partakes in these alterations. Amongst the 
earliest points in which ossification oummences are the jaws* 
Their bones are, consequently, completed sooner than the other 
Ixmes of the head, and so acquire a predominance which, as is 
weU known, they never lose in the biegro. 

During the soft pliant state of the bones of the skull, the 
oblong form which they naturally assume approaches nearly 
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the penxianent sliape of tlie Amerlcam. At biith^ tbe flat- 
tened face and broad smooth forehead of the infmt, the position 
of the eyes rather towards the side of the head, and the 
widened space between, represent the Mongolian form ; while 
it is only as the child advances towards maturity, that the oval 
£]ce, tlie arched forehead, and the marked features of the true 
Caucasian become perfectly devrfoped. 

Now associated with these ])rogressive stages of the brain 
and head, there would seem to be a certain proportionate de- 
velopement of innate faculties. Thus, as a general rule, the 
reptile, in its habits and mode of life, exhibits a higher degree 
of instinct than a hsh, a bird than a reptile, a msanmiferons 
animal than a bird ; while at the head of oil is man, who not 
only excels the rest in extent of intellect, but by the super- 
addition ot the moral and religious feelings which he alone 
seems to enjoy. Wo must carefully guard ourselves here 
against being supposed to assert an uniform predominance, 
cither in quantity of brain or developcment of faculties, of evejy 
member of one class over everg member ef another ; an ele- 
phant may have more brains than a man, or a canary bird 
show more docility than a sloth; still less do wo moan to 
maintain the old ideas of a regular gradation or uninterrupted 
chain, according to which all animals could be arranged so ss 
to show their relative connexions, and mark their reciprocal 
superiority. No; Cuvier has shown the impracticability of 
such a scheme ; he lias shown that the lines which tlie diffe- 
rent classes form, must sometimes be considered as not suoces- 
sivo, but parallel ; that the beginning of one may extend con- 
siderably above the termination of the preceding. Our rule, 
therefore, though generally correct, must be taken as admitting 
of exceptions. Now considering the state of the human bram 
also, we find certain progressions. It is, at first, secreted as 
an almost fluid pap, in which there is scarcely any appearance 
of organi/atioru Parts continue to bo added, as we have seen, 
convolutions appear in the sixth month of foetal life, and even 
after birth changes take place, for the necessary completion of 
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which We know the skull remains for some time uilclosed** 
During all this time, too, new &cultie8 are appearing, neW 
powers developing themselves ; it was, therefore, sufficiently' 
natural to attempt to connect the one with the other, and to 
suppose that the mind might he estimated by the brain. 
Other fficts tended to support this idea. Perception evidently 
took place in the brain. Cut the nerve leading from the eye, 
and there is no longer perception of light, though the eye, as 
an optical instrument, is as perfect as ever. The rays of light 

[* Tfao fdlowing diagram may ASBist the rooder in forming a more lucid idea 
of the opinioiifl of Cuvieri and, indeed, of the foote of his ecicoioe. 



Lei the figures 1, 2, 3, 4, 6, and 6, represent the developoment of the digestive 
CHgana through the TOJious classos of animals; 7. 8, 0, 10, 11, the gradual rise of 
the circulatory system in the same ; 12, 13, 14, 15, of the nervous system, and eo 
on: nnd lot the columns of figures, read from below upwards, represent the 
various classes of animals. We shall thus see, with Cuvier, how the animals 
themselves form no successive links of one groat chain ; but rather parallel 
columns, built up with the same material from the smne level, and rising to 
different heights, according to the nocessHios of the whole superstrueture, as 
foreseen and provided for by the wisdom of the one Great A rchltect But, with 
M. Berres, wo shull sec that it is the otyans that are successive in their developC* 
ments; the figures 12, 13, 14, 12, for instanco, represent the successive additions 
of ports to the nervous system, t’-tcod cither in the more permanent forms of each 
stage from animal to animal upwards, or from week to week, in the more rapid 
tronsitlons of the same, in the gra\id uterus of woman. ITero, os elsewhere, 
false ideas are so interwoven with the forms of expression which we are com- 
pelled to use, that by seeming to prove too much, we fail to convince at all. It 
is not advanced that the embryo of a mammal, fioating in the fluid of its womb, 
is really a fish, or any other aquatic animal , hut that the necessities ond con- 
ditions are the same In both, nnd that the organization, too. Is the saroo at first, 
—the fingers, for instance, of a human foetus are at one time loeA&pcf,— and it is 
onlj in antleipation of future and more important wonts, that such transient 
forms give way to those which we call permanent] 
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Thrill strike on the cornea, they will be brought to a focus by 
the ciystalline and other humourB, they will be applied in the 
usual manner to the sentient extremity of the optic lierre^ 
spread out as before in the bottom of the eye to receive them ; 
but no perception follows, for the nerve is divided, and the 
impression cannot be conveyed to the brain. In the same way> 
if the nerve of sensation*, going to any part, he tied or divide<^ 
thongh the part be scratched, or bruised, or cut^ or burned, no 
pain is felt, for the communication with the brain is inter* 
rupted. Again, if the nerve of motion*, going to a part, be 
cut, though any injury done to that part will be felt as acutely 
as before, and the toish to remove it from the offending sub- 
stance will be as strong as ever, yet the limb will not be re- 
moved. Why then is this? The power to move the part 
exists ; for, if you send an electric shock along the nerves, the 
muscles will at once contract and produce motion ; we are con- 
scious that the mil also exists ; the reason, then, why the one 
docs not excite the other, is, that they are placed at opposite 
cuds of a chain that has been severed ; the chain is the nerve, 
one end of it terminates in the muscle^ there we know is the 
power of motion : the other end terminates in the brain, there, 
therefore, must be the will. Now volition and perception are 
two of the operations of the mind, and we have been distinctly 
able to show that their seat is in the brain. 

Other of the mental faculties have been also traced, though 
not so directly. Memory is seated in the brain; its loss is 
found to result from certain injuries to the brain. A Parisian 
beggar, who had lost part of his skull by a wound, used, for a 
small sum, to allow the silver plato by which it was replaced 
to be removed, and gentle pressure to be made on his brain. 
The invariable result Was a loss of sense ; then, of conscious- 
ness ; his memory totally left him, he became lethargic : on 
removing the pressure, these symptoms all vanished. In 
apoplexy nearly the same thing occurs. A vessel, perhaps, is 

* This division of the nerves, into ner cs of sensation and nerros of inoUoD« 
will he ejcpkdned, when spcahlng of Sir Charles Bell's discoveries. 
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ruptured^ and blood efiiised either in the gubstonco or on the 
eni&ce of the braip* By this efihsion pressure is made on the 
brain*; the patient &lls insen.<dblc, and appears in a deep sleeps 
Belief is only obtained by a copious bleeding, which diminishea 
the quantity contained in the vessels, and such eAbsequent 
measures as will prevent too rapid a current being again sent 
to the brain. Likewise when, by a blow or MI, the skull is 
fractured, and part of it pres^ted in on the brain, insensibility 
results, until the surgeon trephines the neighbouring part of 
tlic skull, insinuates on instrument by the opening he has thus 
made, and relieves the brain by raising the depressed bone. 
From such circumstances we are inevitably led to one of two 
conclmsions, either the brain is the organ of the mind, or the 
brain is itself the mind. The former is the doctrine of the 
immateiialists, or those who maintain the existence of the soul 
os a separate principle ; the latter of the materialists, who con<* 
elude that perception, memoiy, judgment, &c., axe merely the 
productions of the brain, in the some manner os the bile ia 
produced by the liver, the urine by the kidneys, &c. Why 
we hold the former opinion, we shall proceed to state, earnestly 
deprecating the introduction of personal feelings, asperity of 
language, or imputation of motives, which can only serve to 
obscure truth, aud add to the difbcultics, already budicicntly 
numerous, which must attend on such an inquiry. ‘‘The 
mind,” says Locke, “ is like the eye, which, while it enables 
us to perceive all other objects, takes no notice of itself, and 
requires art and pains to set it at a distance, and make it the 
object of its own contemplation.” 

And first, how do we recognise any two objects as distinct? 
For what reason do we conclude that chalk is not cheese, or 
skim-milk not ebony 9 These are points on which all agree ; 
on what^ then, is founded tliis universtd assent to the differenoe 
of these bodies? Evidently on the fact that they possess dif- 
ferent properties. We know nothing of the essential nature of 
ebony or skim-milk, we never think of inquiring into it ; we 
see that the oue is hard, black, heavy, and solid ; the other 
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6 D{i> 'White, light, and fluid, and we at once come to Hie obrl- 
CitB conclxzBian that they are different bodies, without asking 
what may bo in each case the essence in which these properties 
are inherent. Now apply this to mind and matter. We are 
as ignorant of the essence of the one as of the other ; but we 
recognise their existence by their properties. The properties 
ef body are bulk, weight, solidity, resistance, &c. ; of mind, 
joy, hope, fear, belief, doubt, &c.; but weight is not belief 
neither is solidity joy ; therefore, as ricim-milk is not ebony, 
80 neither is mind matter^. 

Secondly Physiology teaches us that the particles of all 
Hying bodies are in a constant state of change. Supplied by 
the digestive organs, they ore taken up by the kieteaky con* 
Teyed to aH parts of the body, hud down there in the fbnn 
suitable to each, and whBi they have perfonnod their duty, 
are again broken down or dissolved, carried away by the ab- 
sorbents, and removed from the system, while their place is 
taken by a new set of particles, destined in turn to undergo 
similar removal. But the man does not change, though his 
body docs ; he is conscious he is the same individual now as he 
was ten years since ; his oonsciOnsnoss is joined with memory, 
constant and unbroken, and it yet remains for materialists to 
ifliow how this memory is compatible with a mind, which we 
can prove to have been biftlt up several times ^vithin that 
period, unless, indeed, they are contented with the supposition, 
that the set of particles ivhich are passing away communicate 
to the particles by which they are succeeded, the impressions 
originally made on themselv^es by external objects. Indeed, 
materialists, in seeking to avoid one difficulty, fling themselves 
into a thousand. 

Thirdly : — Every man is conscious of the individuality of 
his own existence. He knows himself to be one, and not two, 

V It is erldent that this argument may bo oon^iderod inoonnliidTe. In oonse- 
quonoo of tho imp^eoUon of our senses: it is only used boro to show that n modo 
of proof, which, in ordinary cases, commands univcnDlassent, applies with o^ual 
finco to demottsinte the dlfferenoe between mind and matter. 
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or any greater number. This he is sure of> and no argumente, 
however refined or ingenious, can shake him in this conviction. 
But this unity cannot exist in his body, which is made up of 
thousands of particles, and is not for five minute together th6 
same : where, then, can it exist, but in the mind? The brain 
is no more a unit than the whole body ; neither is any parti* 
ctkkr organ of the brain, if such there be, more a unit than the 
entire brain. “ An organ,” sa 3 ^s the ingenious Dr. Brown, is 
not one substance, but many substances. If joy or sorrow be an 
affection of this organ, it is an affection of the various sub- 
stances which, though distinct in their Own existences, we 
comprehend under this single term. If the affection, therefore, 
be common to the whole system of particles, it is not one joy 
or sorrow, but a number of joys and sorrows, corresponding 
with the number of separate particles thus affected ; which, if 
matter be infinitely divisible, may be divided into an infinite 
number of little joys and sorrows, that have no other relation 
to each other, in their state of infinitesimal division, than the 
relations of proximity by which they may be grouped togo- 
thor in spheres, or cubes, or other solids, regular or iireguW, 
of pleasures or pains ; but by which it is impossible for them 
to become one pleasure or pain, more than any particle of in- 
sentient matter, or any mass of such mutter, become any other 
mass.” The unity of any oigan, then, merely depends on the 
act of the mind in considering it as one ; it exists as made up 
of many parts, the mind views it as one whole : take the ques- 
tion how we will, we still find that between mind and matter 
** there is a great gulf fixed.” 

Fourthly Philosophers tell us that matter is inde- 
structible. It exists now in one form, it is dissolved in 
obedience to certain laws, straightway it enters into new 
efenabinations, and re-appears in another form. This seems a 
necessary result from the discoveries of the pneumatic chemists. 
There can be no doubt but that He who created matter, could, 
in like manner, cause its existence to cease; but such cessation 
of existence never occurs in tbe present system of things. The 
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consists of the same individual particles which formed it 
on the day that it left the hands of its Creator^ who measured 
the dust in handfuls^ and weighed the hills in His balance*^ 
Without a specitd interference of His power these particles ara 
eternal. The general properties of matter will be, in like 
manner, eternal ; gravity is eternal ; electric influence is eter* 
nal; chemical afiinity is etemaL And shall it be said, that 
the mind of man, which has comprehended and investigated 
all these properties, which has estimated their power, and set 
hounds to tlieir effects, which can trace the course of the stars 
in tlio heavens, and calculate the all but limitless wanderings 
of a comet through space, that this mind, which elevates us 
from earth, and forms the link that binds us to ethereal beings, 
is alone mortal; that it goes down “to the vile dust from 
whence we sprung that it perishes with the disorgani^Eation 
of the brain, and that all our advances in science, our progres- 
sion in knowledge, our extension of intellect, every effort of 
reason or education towards improvement and perfection, must 
at last terminate in annihilation? » 

No : reason disproves, our best feelings revolt &om, such a 
supposition. He, without whose knowledge not a sparrow 
falls to tlie ground, wlio lias numbered the very hairs of our 
head, takes not such slight account of this. His best and 
noblest gift to man, as to leave it dependent on our frail earthly 
tenement; lie, with whom there is no variableness, neither 
sliadow of turning, is incapable of that mutability of pur- 
pose which would attend on the materialist’s theoiy, that tills 
intellect is destroyed to-day, only to be re-created in equal 
vigour at some future time. 

There only remains for us to notice the argument supposed 
to bo founded partly on anatomical, partly on physiological 
principles. It is said the brain is a gland of a peculiarly i|a- 
tricate conformation ; the blood sent to it is the fifth part of the 
blood of the entire body ; but by weight the brain would not 
exceed the thirtieth part of the body; to what use, then, 
serves this immense quantity of blood, unless as the liver sepa- 
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rates bUe, so the brain separates certain principles, which it 
^borates into thoughts. Now, the analogy is false, and the 
argument vicious. The analogy is felse, for we can show in * 
the blood the Alementaiy particles out of which bile is formed, 
so that the liver is only required to change their form of aggre- 
gation, or remove some of them, leaving others; but who lias 
ever discovered in the blood the matter of hope or doubt? The 
argument is vicious; for if wo simply deny tjie brain to be a 
gland, and ask them for proof, it falls to the ground. They 
either assume the brain to be a gland, and then prove the 
thoughts to bo secretions, lecmse glands always form secretions ; 
or going to work the other way, assume thoughts to he secre- 
tions, and then prove the brain to be a gland, became secretions 
only come from glands. Our ignorance of the exact mode in 
which the large quantity of blood supplied to tho brain is used, 
is no resason why wo should adopt an absurd explanation ; and 
ean anytliing be more absurd, or more incomprehensible, than 
that one material body, the brmn, should, out of another 
material body, the blood, form immaterial Iwdios (if this be 
not a contradiction in terms), thoughts? The only way of 
evading this, is by boldly asserting that as the mind is material, 
80 are the thoughts nothing but little particles of matter, 
variously configured ; and then ‘^it will be not more absurd to 
tfdk of the twentieth part of an affirmation, or tho quarter of 
a hope, of the top of a remembrance, and the north and east 
comers of a comparison, than of the twentieth part of a pound, 
C(r of the different points of the compass, in reference to any 
part of the globe of which we may be speaking.” 

Wo hope our readers will now agree with us that tho brain 
is not the mind ; the other conclusion i^ therefore, established, 
—the brain is the organ of the mind. 

It beoomea interesting next to inquire how far the develope* 
ment of thia organ may servo as an indication of the mental 
powers of the individual. For tMs purpose it is necessary to 
decide on some mode, according to which the measurement 
should ho made, and of those proposed, Comperis, Blnmen- 
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bach’d, and Cuvier’s^ have attuned the most celebrity* The 
head may be considered as divided into the face and sknU; 
the former being chiefly occupied by the organs of sense, and 
the latter by the organ of mind; it was concluded that thn 
preponderance of one or the other would indicate the superi- 
ority of the senses, as in the lower order of animal^ or of the 
intellect, as in man. To ascertain their proportions, Campdt 
proposed his feusiid. line and &cial angle. The former was 
gained by drawing a line from the most projecting point of the 
forehead to the insertion of the teeth in the upper jaw ; the 
other, by causing a horizon^l line, passing through the exter- 
nal orifice of the ear, to intersect the facial line. This will be 
better understood from a sketch of four heads, which we shall 
maik in Camper’s manner. 

He was led to the construction of those lines by the diffi- 
culty he experienced, when, young, in ascertaining the charac- 
teristic marks of the heads of different nations. This, it 
appeored to liim, had been grievously neglected by some of tho 
later painters, insomuch, that they made ^little difference be- 
tween a negro and an European, except in colour. was 
set,” be says, ^‘by my master, to paint one of tho beautiful 
pieces of Van Tempol, in which there was the figure of a Moor, 
that by no means pleased me. In his colour he was a black; 
but his features were European. As I could neither please 
myself, nor gain any proper directions, 1 desisted from the 
undertaking. By criticaUy examining the prints taken from 
Guido Belli, C. Maratli, ^b. Bicci, and P. P, Euhens, I ob- 
served that they, in painting the countenances of tho Eastern 
Magi, had, like Van Tempcl, jiainted black men, but they 
were not JMoors, The celebrated engraver, Cornelius Visclicr, 
was the only one who appeared to me to have followed nature^’' 
Now, in this case, it happens that the painters were right„ajad 
Camper wi’ong, for the Moors, or inhabitants of the northern 
ports of Africa, belong not to the negro, but to tlio Caucasian 
vaiiety, as we shaft mention more fully when speaking on this 
subject j and their children, when first bom, as well as their 
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in mistake, proved the canse of rery useful results, for ii set 
him on inquiring the true principles of delineating heads 
aocording to the idea intended to be conveyed. 

And now, referring to our plate, we s^l at once observ^ 
what struck Camper after having drawn several heads on a 
horizontal plane, in order to discover the cause of their diffe- 
rence, that this difference may be represented by the inclination 
of the faOial line, and is measured by the angle this line forme 
with the horizon, or with a line parallel to the horizon, drawn 
through the external opening of the ear. It is clear, then, that 
as the skull (the part containing tlie brain) augments in volume, 
so will the forehead be more projecting, and oonseqnently the 
facial angle will increase; but as the skull diminishes, so will 
the forehead retreat, and the facial angle become sharper. The 
greatest angle is that which occurs in the human species, and 
in a well -formed Caucasian head, it reaches very nearly a right 
angle, that is, the front of the skull is situated almost perpen- 
dicularly over the face. According as this angle diminishes, 
so does the proportion of tlie intellectual to the sensorial parts 
of the head, and by continuing to close it, we should succes- 
sively represent the facial angle of the negro, the ape, the dog, 
the snipe, until we at last reached lishes, in which the head 
going hack straight irom tlie nose, these two lines become 
identical or parallel, and the angle ceases altogether. The 
ancient Greek artists seem to have understood this point, and 
seeing that every diminution of the angle took away fx-om tlie 
expression of dignity and elevation, they, in depicting their 
gods, to whom of course they attributed superhuman attri- 
butes, actually enhirged the angle beyond what we know it to 
exist in nature and in their J upiter Tonans liave made the 
forehead to overhang the face, as if completely to express the 
mastery of the intellect over the observations of the senses. 
It is evident that an elongation of the jaws would haVc the 
same effect on the facial angle as the diminution of the skull ; 
and when this takes place in the lower animals, such as cranes, 
snipes, &c., it gives them that silly aspect, which has caused 

x2 
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these long-billed animals to become proverbM for atapidity. 
Conhned to tho human kind, this facial angle is of much use 
in ascertaining the rdative size of the brain, and it may even 
be extended with advantage to apes; because in both thesei 
the tables of the skull axe not very &r from being paitdlel, and 
are not yet separated ftom each other but by moderate cavities, 
termed frontal But when we descend below these to 

carnivorous animals, hogs, sonvC ruminant anima l s , but, above 
all, the elephant, t^ measure totally finis us, as the plates cf 
their skull are sepaii|ted sometimes to a very considerable dis-^ 
tance, and wo, drawing our line according to the outer, can 
form no idea respecting tho inner, nor, consequently, respecting 
the real fulness or protuberance of the brain. Blumenbach 
was induced to propose a different mode of estimating the pro- 
portions, but his, also, was ehie£y applicable to the human 
head. He placed his skulls, of which he liad a magnificent 
collection, upright, on their hinder or occipital part, and having 
ranged them on a table, placed himself behind, and was thus 
able at one glance to observe the most importont points in 
which they differed, such as the greater or less breadth at any 
particular part, the projection or non-projection of the jawu 
beyond the level of the forehead, &c., and from these he has 
been able to establish many national clioracteristlcs. But the 
most perfect mode is that proposed by Cuvier, wliich consists 
in making a vertical section of the skull from front to rear, 
and then observing the relative proportions of the cavity of the 
brain to the part of the section, which answered as frame-work 
to the face, or organs of sense ; in our cut tlio line a h nearly 
divides these parts from one another. 

In the European, the area of this cavity is almost four times 
that of the face, not including tho lower jaw. In tho negro, 
the cavity remaining the same, the area of the section of the 
fiice is augmented about one-fifth. In the Colmuck it increases 
but oiic-tonth. The proportion is still less in the ourang- 
outang ; in the sapajous the cavity is but double the face ; n 
tho moudrills they are nearly equal, and this is the case with 
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xsamirorous aiimals. The pToportions then begin to 
ialter; the sebtion of the face in the hare is one-third Ihrgeb 
than that of the braln-cayity; it is double in the porcupine. 



more than double in the hog, three times its size in the hippo- 
potamus, and almost four times in the*horse. In this last 
example, however, it appears to us that a new element must bo 
introduced into the calculation, as we can by no means agree 
that the horse is endowed with less instinct than a has*e or a 
hog. The reason of the great elongation of the face-bones in 
this animal is to be sought for in the feet, that nature, while it 
intended it to be fleet in the course, destined it also to live on 
the herbage that grows on the surface of the ground. For the 
former purpose length of legs was evidently necessary, that it 
might m£dce those astonishing stretches which enabled Flying 
Childers to run six miles in six minutes. But this length of 
leg lifted it, as it were, out of reach of its food, which, as we 
have said, was on the surface of the ground. There were but 
two ways, then, of arranging this,— either hy lengthening the 
animal’s neck, or by lengthening its head; which was pre- 
ferable ? The horse, being an herbivorous animal, necessarily 
required broad flat grinders to rub down its food into a paste 
before swallowing it. These grinders, then, must be iuserted 
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in large jaws, and to move the jaWs^ itrofig wnildolQi Wetoe 
Te<][uired* A strong miiBcle requires a lasge attrfilce for attain* 
znent, and as the muscles which more tba lower jaw ha^O their 
origin on the sides of the skull, it was neceesaty that the fiSoiB 
dmuld he large and heavy. Now, a weight is ^mmderftllly 
increased hy being oi(4ied on the end of a longleter, as every 
onh knows%ho hte ^seen a man attempt to laisr a {mnufqueh 
holding it by its muzzle, at the full extent of«^his MeC* Qa 
Will probably foil, or do so with great difficulty^ wliife we 
know that if he graafs the musquet intihe usual way las^Caa 
raise it with ease. For the same reason it would #be JJWWt 
inconvenient to a horse, were it obliged to carry the weight of 
its head on the end of a long stretched-out neck ; and when a 
horse appears with such a formation, persons who understand 
the subject will never buy it, because the great additional 
weight, thus tlirown on the fore-legs, causes it soon to founder^ 
and the horse ^ always unsafe, and liable to stumble. Wo see, 
then, clearly, why a horse’s neck does not admit of being pro- 
longed, BO os to enable it to reach the ground ; it was, there- 
fore, necessaiy that the jaws should he so elongated es to 
complete the rest of the way. But this was not done with a 
view to giving any additional extent to the senses; therefore it 
would not be fair to conclude a horse the most stupid of ani- 
meds, because the area of its face is four times tliat of its brain*^ 
cavity, though we may well affirm that man is the most intel- 
lectual of animals, because his brain-cavity is four times the 
-area of his fece. It is evident, then, tliat even Cuvier’s prin- 
ciple must be adopted with restrictions ; it has also this incoii*^ 
venience, that it is only applicable to an animal when dead, 
and can give us no information while it lives. 

The idea long prevailed that the brain of man was actually 
larger than that of all other animals, and that thence arofie his 
intelleotual superiority. In the greater number of cases this 
is true, and, indeed, we know of no exception but the elephant, 
and perhaps some of the laiger cetacea. Thus, the largest braia 
which Soemmering met with in horses weighed but 1 lb. 4oz!., 
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wMie tbB urt&allflst Imman brain of wi adult was ^Ibs. 
and this we know to be much below the average. Anothor 
method, proposed as an improvement on this, was to consider 
the brain not in its absolute weight, but as compared with the 
weight sif the entire body. This, when applied to the ordhuuy 
domestie imimals, was found so satisftotoiy, that, without 
going tothea, it was laid down as a rule that man had, of all 
animah) the heaviest brain in proportion to his entire body, 
SubsejiieBi^ investigations, however, have shown this rule to 
Moe foUacious than the old one ; foot, the singular 
ohil^^eathat may take place in a man’s body relatively to his 
bulk and v^eight, and which, consequently, alter the propor- 
tions sKisting between it and the brain, wliile the actual size of 
the brain remains the should have indicated the absurdity 
of attempting an estimate in this way. Thus, say a young 
slender mSn weighs 140 lbs., and his brain 4 lbs., the proportion 
will then be This is about the proportion^ that exists in 

ourang-outangs; in the coaita monkey it is in tlie mangabey 
in the mole ^‘9, in the mouse &C.:** so for, then, he is 
above these animals. But suppose this young man becomes 
extremely fot, and rises in weight to 200 lbs., or even 2801bs.,«, 
wliich we not uncommonly see, the numbers representing his 
proportion of brain would then fall to 1*0 th or ^^jtli, and so* he is 
all at once reduced below all those animals, which a few years 
previously he had ranked above, yet, all the time, his brain 
has not altered, for no fat can collect there. Independently, 
however, of this objection, a scale drawn up on this principle 
presents numerous anomalies. Several of the smaller birds 
would rank much above us : a chaffinch with a brain th of its 
entire weight, a sparrow 9^5 th, a canary-bird ixth, exceed us in 
a degree for which Uielr manners and habits in no way account. 
The horse, whose brain is represented by yiffth, would be 
beneath the ass and the *^half-reaBoning’’ elephant 
reduced almost to the lowest ranks of the mammalia, would be 
beneath the mole ^^th, the rabbit the sheep sioth, and 
the calf Tliuth! 
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Were any further reaaon necessary to show the ineflfejacy of 
this rule, it would he found in the fact that the brain at birth, 
when its incapacity is notorious, bears a much greater propCiy 
tion to 4he body than the brain of an adult, when in the full 
exercise of all its functions. The cause of this preponderance is 
to be sought for in the fact, mentioned hy those who have 
studied the growth of the fa?tus, that the upper part of the 
body is sooner formed and earlier developed than the lower ; 
and the final cause of this seems to lie in the greater utility of 
those parts to the preaervation of the animal ; thus, it is obvi- 
ously useful that an infant should have the government, in a 
certain measure, of its hands, before it is able to go alone, while 
in other animals, such as tlio walking birds, the order is 
reversed ; here it is of advantage that the animal should ran 
before it flies ; accordingly, the young partridge follows the 
mother with the shell still adhering to its back. There still 
remains one other mode of estimating the brain, and that is, not 
absolutely, or in proportion to the bidk of the whole body, but 
in proportion to the bulk of the nerves to which it gives origin* 
This mode was proposed by Soemmering in 1788, and is founded 
on the supposition that the whole nervous matter of the body 
can be divided into two parts, the one sensorial, or employed 
directly about the operations of the senses, and, therefore, con- 
nected with animal life ; the other mental, or reserved for the 
service of the thinking and reflecting principle. To the former 
of these divisions belong all the nerves, with the spinal marrow, 
said as much of the base of the brain as seems directly con- 
nected w ith their origins, and, therefore, necessary to the proper 
execution of their fiiuctiona; to the latter, all the upper 
remaining part of the brain, for which no other office can he 
assigned than that of the organ of the intellect. Hh assertion, 
then, founded on this division, is, that in man the me»$al 
nervous matter bears a greater proportion to the sensorial than 
in any other animal ; and that in all animals the degree of per- 
fection of their instinct will be in direct proportion with the 
preponderance of the former over the latter. 
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Cimer tmdertook to refute tliis theory in his Le^ms d*An€h 
tome G(mpmr6ey but in doing so, he only tocdc into account the 
epinal marrow, and omitted noticing the nerves. How for this 
may alter his £icts, we cannot say; but it is clear that he had 
not taken the whole standard as hud down by Soemmering, and 
since confirmed by EbeD, Munro, Blthnenbach, and Vicq 
d’Aasyr, therefore we cannot admit his argument as decisive* 
As, however, the table which he has constructed shows the^ 
general accuracy of Soemmering’s principle, there being but one 
exception, we shall give its substance. ^ ^ 

' In man,, the breadth of the brain is seven times as great as 
that of the spinal marrow, just where it is leaving the skull : 
in the Chinese bonneted-monkey four times; in the shorte 
tmled magot five times ; in the dog about twice ; in the cat 
nearly three times ; in the hog and ram about once and a half ; 
in the stag and calf twice and a half; in the ox and horse 
neaiiy three times ; and in the dolphin thirteen times. This is 
the only exception stated, and, as we have shown above, it 
proves nothing, because the nerves are completely left out of 
account* ; we might add, that measuring the parte only in one 
direction, breadth is incompetent to afford satisfectory infor- 
mation as to their bulk. We are, therefore, inclined, imdest 
the sanction of such great names as we have quoted, to admit 
SoeunncTing’s standard, and say that man has, of edl aniimds^ 
the largest brain in proportion to the rest of the nervous 
system. 

But we have no means of estimating this before death, and 
even then the measurement is very difficult, which may be one 
of the causes why exceptions are not known. 

The next question which presents itself, having settled ktm 
man should be considered as exceeding in brain all other 
animals, is, whether the excess of intellectual powers of one 

* In fact, this alters the whole siatemoit; for» in the Dissection of the 
brain of a Dolphin " by Tiedemaim, who expresdy asserts the aocuraoy of Sim- 
Skering*8 test, it is stated that ** the of the dolphin, in pxoportloa to the 

size of the nerves, spinal moirow, and ooroDellum, ia of much Exuallcr size than 
the human cerebrum." 
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tassx orer those of another are accompanied hy a greater portioa 
of cerebral matter, or, in other words, whether the wisest man 
has the laa^eiil brain? And, as we have just shown that abso* 
lute size of brain will not make an elephant wiser than a man, 
we might almost conclude d priori^ that absolute size of brain 
wiU not make one man wiser than another. However, this is a 
point which we should rather have determined by observations 
than by argument, did we know of any sufficiently numerous 
and trust"worthy to be admitted as proof. Phrenologists have 
taken a good deal of pains respecting this qnestion, yet their 
conclusions do not seem very decided. It appears, according to 
Mr. Combe, their most ingenious defender, that size of brain 
must be considered under certain modifying circumstances, 
such as health, form, activity, and temperament, or fineness of 
texture. The not attending to these modifying circximatanoes 
will, he says, account for the common saying about large heads 
having “ little wit.” If, however, all these circumstances are 
the same, he then asserts that the larger brain will denote the 
superior intellect. This is a very safe assertion ; but the 
necessity of taking into account modifying circumstances, some 
of which can in no way be known until the individual is dead, 
would seem at once to put an end to the science as a means of 
estimating faculties and feelings. Mr, Combe, indeed, asserts 
.that the constitution of the brain may he guessed from the 
general temperament of the body: thus, that a person of 
lymphatic temperament will have “a brain slow', languid, and 
feeble in action,” while inaptrson of nervous temperament 
the ‘‘mental manifestations will be proportionally vivacious*;” 
but, in the first place, this connexion of certain dispositions 
with the general habit or temperament of the body was not 
left for phrenologists to observe, and in the second place it has 
nothing to do with the point before us, which is not the mode 
of action, bat “ the fineness of texture of an organ,” which is 
mentioned as one of the modifying causes. We might also add 
the extreme difficulty of deciding a man to be of this or that 
* Combe’s Spstem of Phrenology ^ pp. 32 - 3 . 
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tempeiamoiity md the miimte shades by wHdi the^d temp^iia- 
sjO^Bts run into each other, so os to render their appreciation in 
the highest degree uncertain, and conclusions founded upon 
them, of course, extremely liable to fcdlacy. Furthennoro, it 
is well known that the some individual may, at different 
periods of his life, be of different temperaments* In faxit this 
modihoation, though generally admitted as necessary to the 
theory of phrenology, and useful, as occasionally affording a 
convenient mode of escajpe from a mistake, is seldom, if ever, 
had recourse to in practice, the phrenologist undertaking to 
pronounce on character from a dead skull or a plaster cast, 
without making the least inquiry respecting this “ modifying 
circumstance,” 

Size, then, would appear to be the standard they apply to 
estimate intellect, for though they reject this doctrine, and 
insist on the necessity of considering other circumstances, we 
liave just passed in review one of these, which they neither 
appear to apply themselves, nor can they show how another 
may apply it. Yet, as a general proposition, it will, we appre- 
hend, be admitted as true, that persons of very remarkable 
talents have usually* a full well-developed brain, though it by 
no means follows that people with large heads have distin- 
guished talents. Dr. Milligan has given a tabic, furnished by 
a hatter in extensive business, whose conclusions were, there- 
fore, founded on a sufficient number of examinations, and were 
also unbiassed by theory, from which it appears, that in the 
upper and educated classes of society, the head is generally 
superior in size to that of the lower orders. The same fact has 

* We need scaarcely say that the obsenratfon was made before phrenology w&a 
thought off and has nothing to do with tho peculiar doctrines brought forward 
under that namo : it is, at the same time, an obserration to which many excep- 
tions must be admitted. The heads of nyron, Shelley, and Keats wore all 
remarkably small ; whether the deficiency existed in tho intelleotual faculties 
ocoupying the front of the head, or the animal propensities at its back, will, we 
think, puzzle phrenologists to deolde. Keats’s head,” says Mr. Leigh Hunt, 
•« was a puzzle to the phrenologists, being remarkably small in the skull, a 
dngfUlarlty which he had, In oommon with Lord Byron and Mr. Sheiley, neitte 
of whoso bats I could ever get on.”— of Byron, p. 246. 



316 


NtoTOUS SYSTEM. 


been asserted by a gentleman who carefully examined in 
London the hats made at the west end, and also those made by 
manufijcturers who chiefly supplied sailors, coal-hcavcrs, and 
such persons, and in all cases the average size of those latter 
hats was considerably inferior to that of the former. A want 
of attending to this &ct is also stated to have caused a serious 
disappointment to a Parisian speculator, who sent out a num-^ 
ber of hats to the colonies, and had them all returned as too 
large. 

To generalize jEaqts of this nature, admitting of so many 
exceptions, into scientific principles, and assume them as uni- 
versally correct, and as suitable foundations for tbe erection of 
a new doctrine, is truly absurd : yet, this it is which craniolo- 
gists have done. OaU, say they, observed certain regions of 
the skull unusually prominent in persons noted for the possea- 
Bion of some facility or propendty in a very high degree. He 
thence inferred a connexion between the formation and the 
mental manifestation; thence that the latter would always 
have its accompanying protuberance or fiilness; next, that 
this fulness was caused by the subjacent part of the brains 
pushing out the skull ; thence, that the brain, as it might 
sprout out at twenty-four different places, was composed of 
twenty-four different oigans; and, finally, that, therefore, 
from a careful measurement of those organs, the faculties and 
disposition of the mind might be ascertained. In all this, it is 
evident, there was never a word about temperament, structure, 
or other modifying circumstances ; it was all size— dovoiright, 
absolute size. Such a dootnne as this we could at least under- 
stand; however impiobable, there was nothing in it actually 
impossible, and H seemed a fiur subject for actual examination. 
By this rule, accordingly, it was tried, and, with a measuring 
compass in his hands, Mr. Stone, of Edinburgh, quickly showed 
that, were there any truth in the doctrine, as delivered above, 
Voltaire should have been a better murderer than Thurtell, 
and a f:;reater thief than Haggart, that this latter should have 
had more wit than Sheridan, besides possessing great histrionic 
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and pictorial power ; that Ckm Fiaher, at eight years old, had 
all the^elements for becoming a Ibmale Saphaelj and that^ 
Thurtell, with veneration lar^^e, benevolemse very and 
adhesiveness very lasye^ must have been a religions, pious, and 
amiable man, totally incapable of outraging the laws of God, 
or murdering one whom he had so long considered and called 
his friend ! The attempt made by phrenologists to reconcile 
this latter developement whh the actual character of the man, 
we look on as a more complete disclosure of the utter absurdity 
of their entire system, than could be offered by their most de* 
termined opponents ; we give it in their own words from the 
Phrenological Jou/nial^ voL i^ p. 331, begging attention to the 
lines in italics. 

The murder committed by Thurtell was a predetermined, 
cold-blooded deed ; nothing can justify it. Bevenge against 
Wearo, for having gambled too successfully, and, as he ima^ 
gined, unfairly with him, prompted it ; hut there ia ewry pro^ 
bahility that Thurtell Imd the wmarrantahle to his soul, 

that he would do a service to others ly deitroying Wears. Be 
considered Weare as a complete rascal^ one who had robbed mamy 
as well as himself ^ and one who^ if he lived, wonM hme robbed 
many more! 

A theory which con thus convert benevolence into the 
active cause of murder, needs no further examination on these 
grounds : ‘‘ by its fruits ye shall know it.” 

Let us, however, consider what ore termed the onatomical 
proofs of the theoiy, for which, as being matters of which they 
ore entii'ely ignorant, the great mass of phrenologists profess 
the highest respect and veneration. 

A frvourite object of speculation with the older anatomists 
and physiologists, was, what they termed the sensorium comr 
rmne, the common point of the brain, to which they supposed 
all impressions brought by nerves, before perception was pro- 
duced,* and from which, they aigued, all volition must ema- 
nate ; in short, their sensorium commune was neither more nor 
less than the seat of the soul. In this search abundant 
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alistudities wetSpetpebaM, aitid ridiculcms aseeiiionB yentiired* 
parti of tlie brain^ termed the ptneeeif the 
eceUosum^ the pons Varoliiy the corpora striatay besides the 
medf^ oblonffOtOy ^d the water in the ventricles^ or fine ex- 
halatioxi with which they are bedewed, were, in toms, assigned 
♦hia honourable ofilce. To us it appears that a cause of error 
existed in the netore of the search, as its object was to invest 
an immaterial principle with one of the attributes of material 
bodies, — ^locality. The attempt made to trace the nerves of the 
senses to a common origin, though more rational, has been 
equally unsuccessful. On the contrary, the accurate dissec- 
tions of Spurzheim have render it highly probable that there 
is no such port of the brain existing, but that fibres originally 
diverging from the top of the spinal marrow, and reinforced at 
different parts by collections of gray matter, form the general 
structure of the hemispheres, while other fibresarising in those, 
and crossing from one side to the other, tend to combine the 
actions of the brain, as though the object were that it should 
act as one whole. And, be it observed, he has never shown, 
nor, as far as we are aware, attempted to show, that these fibres 
of connexion run between similar organs on opposite sides, (for 
all oigans are maintained by phrenologists to be double, one on 
the right, the other o^ the left, side of the brain,) but merely 
between these two great divisions of the oigan. Therefore, as 
far as their own anatomy bears on this point, it would rather 
indicate a unity of action between the two hemispheres, than 
between any particular portions of those hemispheres ; i, e., it 
would rather evince the brmn to be a single organ, than mode 
up of many organs. But, in &ot, as far as anatomy can decide 
the question, it is altogether against the plirenological tlicory. 
So fer is the brain from presenting to the eye, or the knife of 
the dissector, a number of distinct organs, \Lniform in situation, 
and capable of having their rize and shape appreciated or 
measured, that it originates from a common bundle of fibres, 
spread out, and fiolded on the surface into convolutions, which 
convolutions we can show to bo absolutely continuous, pre- 
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senti&g no appreciable Bne Bcpardti^x^ irregular in ibeur 
atoatiqpi size, and fran, in differenjt beads^ and <m Ae dAff^rm^ 
sUes of the same head; in shorty presenting no more ap(p;r0a((^ 
to uniformity, than the fWindii^ of the |anall intestine. To 
put this matter beyond doubt, we present our readers with a 
representation of a brain, from which thpf skull and mem* 
bianous coverii^ have been remove^ one of 

Spurzheim’s own plates^ in which, thenfbre, we may suppose 
that he has gone aa hu: in selecting and depicting an instanoe 
of uniformity, as could be done at all consistently with nature ; 
and in this plate we beg our readers to compa^ for themselves 
the convolutions of one side with those of the^other. 



We ako request them to take a pencil, and endeavour to 
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point out^ Oft ask anj oi i^isendlogical fiiends to point oeol} 
to them, where any of those oigaxn, whidi we have marked 
after Spuri^eiiD^ terminates, and where the next to it begins ; 
or suppose one of the organs, as philologists say, becomea 

much developed,” so as to encroach on a neighbouring organ, 
egy that xni^ Benevolence, has encroached on No. xrv«, 
Veneration ; how are we to know that it is not No. xiv. which 
has enlarged and encroached on No. xin.? In short, how are 
we to decide an inclL of convolution at the place where two 
organs unite, to belong to one of them, rather than the other? 
^dif this be ii^possible, as we unhesitatingly assert, and aa 
no plirenologist Itias yet attempted to demonstrate^ the reveise^ 
we are not justified in considering it truly absuj^d to talk of 
the size of an organ, when, for sJl the phrenologist knows, he 
may actually be measuring in half the adjoining organ ? But 
this refers only to the measurement of anyorgan on the surface, 
or where its base is suppoged to bulge out in one^of the convo- 
lutions : there is another of its dimensions which also i-equires 
to T)c considered, for the organ being a cone, extending from 
tho top of the spinal marrow, it becomes necessary to ascertain 
its long diameter, and for this purpose wo are directed to 
measure from the opening of the external ear to the promi- 
nence beneath which the oigan is situated. Now, this may do 
indififer^ly well to measure an organ, which terminates com- 
pletely in front, or completely on the hinder part of the head, 
though anatomy again interferes, and teaches uathat the orifice 
of the external ear |s by no means an exact iudication of the 
situation at the top of the spinal marrow, finnn which these 
cones are sui^posed tq set out. 

To ascertain this matter, we have taken a large number of 
skulls, ^ any one can do by going to the Hunterian Museum 
at the J?oyal College of Suigeons, and stretching a string be- 
tween the centre of the openii^s of the extern^ ears, found 

* We uBo the term anatomloally : we are aware that Spur/hoim addressed a 
paper on th(' subject to the Iloy^ Society, which appeared too contemptlblo to 
tnorlt a p'aoo m their Trantactiont* 
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that it moat frequently passed just over the anterior condyles, 
answGTiiig to the front of *1;he spifial marrow bb it enters the 
train ; in other cases the string cut the whole at abont^a third 
trtwn its anterior edge, Vhile in others it passed altogether in 
front of the hole, sometimes to the third of an inch, and this, 
we may remark by thl‘ way, was exactly the case in the head 
of the pongo. In all those heads, therefore, supposing, which 
is almost the first phrenological proposition, that the difference 
between the intellectual faculties and the animaf propensities 
Was to be eatiinated by the length of line from the opening of 
the external ear to the projection of the front of the forehead^ 
in the one instance, and to that at the back of the head m the 
other, it is clf^ar tl\at we should add to the latter sometimes 
two-thirds, sometimes the whole, and sometimes even more 
than the whole breadth of the ’Ipinal marrow at its top, and 
yet, this is a difference of which phrenologists take no notice, 
and which does not even enter into their calculations. But 
tlie sources of difficulty increase when we cppie to measure the 
lenj^th of a lateral organ, such, for instance, as Secretiveness, 
Ko, Tii., or Ac((uisitiveness, No. vm., in which a moment’s 
con^doration will show any on^ that the line included, between 
the Ifeg ofjiis callipers placed in the external 'ear, and the other 
leg placed over the organ in question, can never give the linear 
diameter of that organ, in other words, the length from the top 
of thi medulla oblongata to the surface of the oigan ; and if 
we attempt to gain our ends by measuring from the oigan on 
one side to the organ on the other, the approximation must be 
equally rude, as it could only he in the case of the included 
line, and the two organs occupying exactly the some plane and 
direction, that ite bisection could give their linear measurement, 
and we beg to know which of the oigans at all appnuximales 
to this coincidence ? In fact, the great error of phrenologists has 
l>een, the attempt to reduce to the scientific accuracy ot mea- 
syremont and division, certain pixipositions which were matter of 
popular, yre had almost said of instinctive, belief: and" the more 
they have attempted to depart from the original Vagueness and 
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g^ieralityof tJjia beKef, the deeper hare they nm into error^ 
and the more fidly have they mani£?Bted the f^y of their pre- 
tensions. All people believe, in a general way/thait a well- 
shaped aiMl «fullH9ized brain is the organ of a more active and 
poweifol intellect, and that thib cannot be present when the 
organ is defective or mls^apen ; but when thcoiists attempt to 
brodk up ike mind into a number of supposed original facul^ 
ties, such as no metaphysician will, for a moment admit, and 
the broiti into an equal number of organs, which that anatomist 
in vain asks to be sho^vn, and then proceeds to attach one of 
the former (unadmitted suppositious) as a mode of action to 
one of the latter (undemonstrated existences), and, further, to 
explain how each of these organs may modify, or be modified 
by the action of any, or all the rest, they get enveloped in 
such a labyrinth of hafecless speculation and visionary fancies, 
that they are utterly bewildered by tlie complexity of their 
own imaginations, and are left to seek, amidst a })a]aDce of 
errors, the possibility of an approximation to the vague geneiul 
principle from wliich they had originally started. This is, in 
tmth, all that craniology can do, and to this it is fist return- 
ing, The unanswerable fact that, for all they can tell during 
life, one- third of the most important organs* may l)c situated 
within a frontal sinus, of wliicli the external wall may he re- 
moved from the internal by a variable distance, 01:14 not bear to 
its sprface the slightest parallelism or rcsemblaiice, shows the 
complete untenableneuess of their fondomenta] propubition, 
that the shape and size of the brain is fiuthi'uUy represented, 
and can bo seen and measured upon the external plate of the 
skull. Every anatomist also knows, that protubeiamces on the 
dilEerent bones of tbe skull, at the points where osslficatloii 
cominaneittd,, result from thickness of bone^ not from increase of 

* Perhaps* also* wc should add that about one*thlrd of tho ooimdutlonsof the 
hndnaresitiuktedaalta base* and to these no atijMU attributed,, tha 

vhola mi»d being mappod out, and apportioned to the sn^exior ond lateral oon- 
volntions. WUl oraniologlSts havo the kindness to tell m why ox)e oonvolutloii 

OTgBL Slid a&oM^ Intrath, thegtost diABonliy to*be<v?fr* 

MsnehoisB&itiJig thpk dootxine, U to find out what tbsQf its point of 
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bzain ; and also know how much greater may he thkt 
thickness m somie heads than others. The impossibility, indi* 
cated by thesb &ct8, of obtaining any thing like aceniate ideas 
respecting the minute portions of brain, to which eraniolegista 
ceniilie certain faculties, scarce requires being insisted on. 

We think we have now shown that there is no evidence* 
from anatomy of the brain being divided into many orgaate, 
and that there is direct evidence, that did these organs really 
oEist, still the methods proposed §dt ascertaining their sLso are 
altogether inadequate. 

The only reply attempted by phrenologists is, that we hare 
made the mistake of arguing respecting absolute size, while 
they speak of relative size ; ami that we talk of coropariog 
organs in diflferent heads, while they compare tlie organs of the 
same head. But this is a simple evasion. Let us admit 
the present (says an acute American waiter on this subject^ 
that there are no such difficulties in the way os the difficrence 
between the outei’ and inner surfaces of tin* skull, a fiict of 
which any one may .satisfy himself, by passing a piece of the 
bone between his thumb and finger. Let us leave these out of 
the case, and, in the very teeth of our senses of sight and 
touch, lot us suppobe that skulls are, as to their outer and 
inner surfaces, equal and parallel. Let us enter with an 
humble tetiekablcnebs the schools of phrenology. Wearefirot 
pointed to a head, in whicli a particular organ is large. Large 
and small being relative terms, we naturally set about eocatnin^ 
ing difftTcnt heads, to settle an average or standard. Tkia 
method of proceeding, however, is cut short by the remark, 
that tlie size of organs is not to be estimated by the organs of 
other heads, but by those of the same head. The destmethns* 
ness is large, iii comparison to the benevolence, which is smaE. 
This attempt to escape from tlie difficulties of an average 
atondard, we take ie be utterly futile* : there is no escape at alL 
Oigans, of course, compared with each othez^ aoe neceasocOy 
large or amallv Thus, if we judge £rom the planter bustm^ tfa« 
organ of destmetiveness in any naan’s head it alwayo kirgot 

T 2 
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than the OTgan of music ; but the cj[uestion in any particular 
case, is not whether the organ of destructiveness is absolute^ 
large, compared with the oigsn of l)enovolence, but how th]^ 
excess of the former above a certain average, or horma{ 
s^ndard, compares with the excess or deficiency of the latter 
in regard to the same standard. Thus, we are continually 
driven bock to the necessity of a standard ; and for a standard 
we in vain call on the craniologists : they seem too well aware 
hpw fatal it would prove to their pretensions. 

There is one organ in the hrain which certainly is distinct, 
and may be pointed out by the anatomist as sufficiently and 
fairly separable from the rest of the mass ; this is the cerebet^ 
lum. Now, to this, craniologists attribute a peculiar propensity 
or feeling, common to us with the lower animals, and, as we 
^ere admit the existence of the organ, it becomes a simple 
question of experience, how far it is found to be pro])ortioned 
in devclopement to the propensity which has been assigned to 
it. The arguments generally adduced in its favour are from 
comparative and human i)hysiology: we shall select an in- 
stance of both. The fiog is, of all reptiles, perhaps that one 
which exhibits most unequivocally the feeling in question : in 
the frog the cerebellum is so extremely small, that its very 
existence was, until lately, a matter of dispute. In Ferussac^a 
ByUeHn for October, 1831, under the head Science Medicales, 
may be found the details of a case, in wliich this part of the 
brain did not exist at all, while the propensity was rather re- 
markably developed. We recommend both these facts to the 
attention of craniologists, and request they will oblige ua with 
any explanation of them that their ingenuity may suggest : 
until we receive that, we fear we must consider them fatal to 
the organ No. i., the only organ which they can show to exist! 

We have thus mentioned a few of tlie anatomical object^ns 
which occur to this theory ; its present impor^ce would not 
warrant us in pushing the subject further, tlian briefly to 
notice a few other objections to which it is liable, tathology 
turnishies an important one of these. A slight injury to the 
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briuii will often cause total alienation of the mind^ not Im 
affection of that particular faculty or propensity, of which the 
injured part was sup^sed to be the organ. On the other 
hand most extensive injuries may take place, and even a great 
part of the substance of the brain be removed, without any 
apparent diminution of mental power, or loss of any particular 
faculty. “ The truth is,” says Dr. Roget, “that there is not a 
single port of the encephalon which has not, in one case or 
other, been imj>aircd, desti*oyed, or found defective, without 
any apparent change in the sensitive, intellectual, or moral 
faculties.” Haller made a large collection of cases, tending to 
establish this fact ; and Dr, Ferrier, in the fourth volume of 
the Manchester Transactions^ lias given several additional cases, 
so complete and indisputable, that Spurzheim could find no 
further reply to them, than a vague charge of inaccuracy, 
mistake in the observers. It has been attempted to escqpe 
from this difficulty, by alleging the duplicity of organs; and 
that though the organ on one side may have been affected, 
still the organ on the other may have been entire, and capable 
of its proper function ; but, independently of the fact, that this 
duplicity of organs is a mere assumption, and one involving 
great and unnecessary ^fficulties, when attempted to be recon- 
ciled with the well-known unity of mental action, ^the expla- 
nation totally fails in the case of defective cerebellum befbre 
alluded to, in which both sides, or, if you w ill, both organs were 
gone ; neither will it answer in those cases of hydrocephalus, 
in which every convolution of the brain is unfolded and dis^ 
tended, while the mind still remains entire. Indeed, we mi|1ht 
almost leave this theory to be refuted by the facts brought in 
its support, such as Gall’s story of the man who was mad at 
one side of his head, and observed his madness with tlie other 
sid#! 

Pathology supplies another objection to GalPs theories in 
the well-known fact, that in mental derangement, the faculties 
most frequently impaired, are memory, volition, judgment, 
and attention ; but these in Gall’s system are no fairies d 
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have no orgoD^ but arc represented ds affeoticviiB of ell facnl* 
ties. 

It is also clear, that in cases of saoilDinaina, tbe affection of 
the brain bhonld always exist in, and be accurately con&ied to, 
the organ of tlie peculiarly disordered fscultjr. That this is 
the case, wc scarcely know any one who wHl venture to assert. 
As one instance of the contrary, wc shall cite a case given by 
Br. Haslam, of a j^oung woman aged twenty, whose madness 
was occasioned by religious enthusiasm and a too-frequeot 
attendance on conventicles. When admitted, she was in a 
very wretched and unhappy condition, and teirificd with the 
most alarming apprehensions for the salvation of her soul. She 
sang, wept, and prayed alternately; and, after continuing some 
lime in this forlorn and pitiable state, she died. Of course, 
craniologists would here lay it down, that there was consider- 
able disease of the organ of veneration, and that little derangi - 
ment would be found elsewhere. An examination took place, 
and the result was, that thepia mater ^ or membrane investing 
the different convolutions of the brain, was found inflamed, 
and an extravasatod blotch about the size of a shilling was 
seen upon the membrane in tlie middle of the lateral part of 
the right lobe of the cerebrum. Tliere was no effusion between 
the meml;)ran€8 or into the ventricles, but a general determina- 
tion of blood to the contents of the cranium. 

These facts appear to require no comment. 

Phi’enologists, however, when driven from all tenable 
gjspund of argument, usually as a last resource, exclaim, “ But 
©ttr science is foimded in nature and truth ; experience attests 
Its universal applicability; to tlmt wc appeal as full and 
mifficicnt conflmatioxi, and cu that \\ e rest our whole cause.*’ 
If they did so honestly, they would long since have rasign^d 
their whole cause. In 1829, Mr. Stone read before the Medical 
Society of Edinbuigh, of which lie was the President, his 
^Observations on the Phrenological devclopement of Burke, 
Sare, and other atrocious murderers ; measurements of the 
Ileads of the most notorious thieves confined in the Edinburgh 
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jail taxd bjidewaU^ sod of voripiss indlyiduals^ English, Scotch, 
and pi^Boniing an eKteiiBive serios of facts subveisi^ of 
Phrenology/’ 2is nUBsnrcinenta, that there should he no 
question of tb^ir accuracy, were made always in the presence 
of other persons, frequently of craniologists, who aU admitted 
their perfect foimesa. He took, for the puiposc of an average, 
hfty skulls, chiefly British, belonging to Sir William Hamil- 
ton’s coUectioaQ, and fifty skulls collected Ijy Dr. Simrzheim, 
and deposited by him in the Edinbui^h Museum. He not 
only took the length, breadili, and height of each, according 
to the mode directed by cmniologists, but ascertained the 
weight of brain they had contained, and tlie absolute and rela- 
tive size of the organs, and from ail these data carefully and 
impartially ooUectod, he demonstrated, tliat in fifteen murderers 
selected chiefly for their notorious blood-tliirstincss and depra- 
vity, every one of theta had the organ of destructiveness et^o- 
liAcly less than the average of ordinary heads ; and that thirteen 
of them had it, also, relatively less when compared with tho 
w'hole contents of the skull. He fiirthei^sliowcd, that twelve 
of these men had the organ of benevolence more largely 
developed than the average, tlmt then* conscientiousness was 
also full, and that the skulls generally exhibited no reinark{d>le 
deficiency of brain before the car, or preponderance of devel(j[pc- 
ment in the region to which the animal propenrities are re- 
ferred. To render his investigation BtUl more complete, he 
took the measurements of the head of Dr. David Gregory, who 
had been Professor of Mathcnfotics in the University of Edin- 
buTgli, and subsequently appointed Savilian Professor of 
Astronomy in Oxford. He was the distinguished friend and 
companion of Sir Isaac Newton. He was the learned author 
of several valuable works on mathematical science ; and a man 
of high moral and intellectual virtue. The skull was well 
authenticated by the gentlemen who took it from the place of 
intennent, and presented it to the person in whoso museum 
Mr. Stone had an opportunity of examining iU The result of 
this examination was, that the organ of desfructivena^ in the 
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leaiEdd PrafessQr was, in its absolute size, than tbe s^e 
organ in every murderer included in the induction ; and evm 
in proportion to the general dze of brain, laiger than the 
same in Burke, Haggart, Anderson, Glen, Balfour, Pepe, Mor- 
timer Collins, Clydesdale, and Divan. 

The organ of combativeness in the Professor was also larger 
than the same organ in every one of the murderers^ 

His organ of acquisitiveness was the same as Balfour’s, and 
larger tlian the same organ in all the rest, including even 
Gordon, M‘Keon, and Haggart, who were noted thieves. 

His organ of secretiveness was also larg&r than in each of 
the murderers. 

As to the organ of benevolence, Burke had it in absolute 
size the seme as the Professor. Four other murderers nearlg 
the safAe ; and seven others, all atrocious miscreants, had it 
actually larger. Even in proportion to the entire size of the 
brain, eleven out of these twelve had tlie oigau of benevolence 
larger than the learned and virtuous Professor, 

The organ of conscientiousness was next examined, when 
it appeared that Clydesdale and Kerr had this organ in its 
absolute size larger ; and, in proportion to the entire brain, 
Burke, Anderson, Gordon, Lingard, Pepe, Mortimer Collins, 
Clydesdale, and M^Keon had each this otgon of greyer size 
than the Professor. 

He then proceeded to the intellectual organs, and measuring 
the organ of comparison on the heads of tlie murderers, found 
that four of them liad it the iauiCy three nearly the same^ and 
th^e larger than the Professor. 

Causality was next tt*sted, and as this is the organ to which 
is attributed the power of tracing the relations of cause and 
effect, and of reasoning closely, we beg attention to the results 
whicli we state in full. On the skull of Dr. David Gregory, 
the measurement of this organ taken from the openmg of the 
ear to the organ on the opposite side, was 5.1 iiiches. By taking 
th,e measurement in tl^s^,^^ay, an accurate report is also given 
of the general anterior cerebral developement. 
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The organ measured in the same manner on the ekuUs of . 
the murderers^ wte :^ ^ 


IK Hbggtirt . . . 5.efl inchet, -wliicth k ktrger tliaii the Profesaorlsu 
Soott . . which is also larger, 

Anderson. . . 5.3 which 4a also 

Glen ..... 5.35 which is also larger, 

Balfour . « . 5.4 which is also larger, 

Macmillan . . 5.2 w^hich is also larger. 

MortimerCollins 5.5 which is also larger, 

Clydesdale . . 5.3 which is also 

M'Kecn ... 5.4 which Is also larger. 

Buchanan . . 5.3 which is also larger. 

Korr .... 5.7 which Is also terser.'// 


Hence all these criminals i^pear to have had a greater 
<|uantity of brain before the ear, that is, a finer intell^tual 
developement, than Dr. David Gregory, Savilian Professor of 
Astronomy to the University of Oxford. 

But one thing remained : the fbnimal propensities are, we 
are told, situated in the posterior region of the brain, so tliat 
they are to be measured by the quantity oi it contained in the 
space behind the curs, and this is to be measured from the 
opening of the ear to the spine of the occiput. Examined in 
this way, the cranium of Dr. Gregory gave -A.5 inches. 


Of IlnASart . 


4.05 inchee 

which is lees than i 

Scott . . 


405 


which is leee. 

Glcu . . 


4.3 


w'hich is Icee. 

Anderson « 


4.05 


which is lees. 

Pope . , . 


,3.0 


which is much leu. 

BaUbur . 


.3.7 


which is much lest. 

Gordon 


3.5 


which is wrg much 

Lingord . 


3.75 


which is much less. 

Maemlllflii 


3.S 


which is less. 

Mortimer Collins 

3.0 


which is less. 

Clydesdale 

. . 

3.7 


which is viudi less. 

M'Keon . 

. . 

ii-7 


which is much less. 

Kerr . . 


4. 


which is less. 

Bivan . • 

. . 

3.9 


which is less. 

Buchanan 

. . 

3.5 


which is very much less ! f ! 


So that this grave, learned, and virtuous professor, had less 
intellectual power and more animal propensity than the whole 
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atzing of krutal, ^e^baiiclied, abandoned, 'and atrocious mur- 
derers given above ! 

We bope our readers will oonsider this a sufficient reply to 
the constantly proposed appeal to experience: phrenologists 
tbeinselveB say, ‘‘ Assail our facts, and we are undone ; Phrcr 
nology admits of no exoeptims* 

We have thus attempted to prove three propositions; first, 
that the brain is not the mind; second, tliat it is the organ of 
the mind; and third, that it is not divisible into twenty-four 
or thirty-five distinct organs, each exercising a peculiar and 
appropriate mental faculty or function, as is supposed by 
craniologists. Certain parts, however, exist in it, and can be 
seen sufficiently distinct from others ; and expeiimental attempts 
have been made to assign to them their proper offices, if such 
they should be found to possess apart from the rest of the 
moss. To such attempts, it has been objected that the general 
disturbance which must arise in the entire system, when so 
delicate a part is wounded or cut away, together with tlie 
painful and unnatural situation in which the animal is thereby 
placed, must render all observations respecting its faculti^ 
and actions in such circumstances extremely liable to error 
and confusion. Thus, a bird operated on in this manner, will 
no longer sing, thougii the organs of voice are perfect, and 
have not been in any way interfered with : but the conclusion 
which might be drawn, that the bird had ceased to sing be- 
cause certain parts of the braiai had been interfered with ; and, 
therefore^ that the organ di singing was atuated in the brain, 
would evidently be erroneous. In the same way, if certain 
mental faculties appear lost after the removal of certain parts 
of the brain, we can by no means safely conclude that these 
faculties were exercised by these parts as their organs ; inas- 
much as the, loss may have been merely consequent on the 
general disturbance produced by the injury'. From this ob- 
jection expeiimeats may be to a certain extent freed, by keep- 
ing the animal until it recovers, and then observing (if the in- 

* F%vm(AogiealJ(mmalt ToL S5B. 
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jtiries be of ^dbi a Bstnre as to allow of its p^tfeet i^otatloii 
to bealth) wbiether any of its faculties have been pennafiieistiy 
lost ; in whidi oase w© ani^t, if the results wct© invatialAe, 
fairly connect the faculties with the parts removed. Another 
objection, however, and one whkh is particuiariy applicable to 
the experiments of Halier and a host of e^^eriment-makeisin 
his time, and that immediately’' succeeding, is that the parts of 
the brain are held together by such a continuity of struotare, 
and present such numerous communications, that the diSculty 
becomes very great, of saying exactly to which of them you 
have limited the injury iutiicted, and consequently, to which 
of them should be referred the phenomena produced, Urn 
improvements gradually maldng in our acquamtance with the 
minute anatomy of the brain, evidently present the only mode 
of avoiding this objection, and we think every possible adviBH 
tage of these has been taken by M. Flourcns in conductmg his 
adinirabio experiments ; of which, as oonceivii^gthem the most 
trust-worthy we have on the subject, we shall give a brief 
notice. It is but fair, however, tliat we should first give 
honour to him to whom honour is due : our own couxttiymfai. 
Sir Charles Bell, by his demonstration of the perfect dktxnci- 
ness in function between the tvu gj’eat classes of nerves, the 
one destined for sensation, the other for motion, pointed out 
the way to almost all the discoveries which have since been 
made in that field ; and we regret to say, that out Frendi 
neighbours, with more ingenuity than honour, while avaSing 
themselves of his ficts, have neglected to acknowledge the ob- 
ligation. His claims, however, are now so genenJ^y acknov^- 
ledged, that it is unnecessary we should say anything on that 
head. 

M. Flourens first set about re-demonstrating, witii some 
additional circumstanees, the difierenee between the seat of 
sensation and that of motion. He found, that when he pricked 
or in any waj instated the spinal marrow, proceeding fiom its 
extremity towards its centre, he uniformly pri)duced stwwg 
muscular contractioiis, imtil he anrived at a certain point 
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almost at the levol of the brain, where the contractiohs ceased, 
aiid the Animal remained as quiet and tmdlst^bed as thohgh 
no irritation was being applied. He then made a counter- 
expeiinlent, by commencing in front of the brain, and proceed-^ 
ing to prick and cut it in different points which produced no 
effect until he had arrived at the point already indicated ; as 
soon as he had passed which, the contractions again com'* 
menced. Now below this point was the spihal marrow, in- 
cluding the meduUa ohhngata already figured : above it was 
the brain. The conclusion then w'as obvious, that the nerves 
proceeding from the spinal marrow were those immediately 
concerned in producing the motions of the body ; the brain 
had some other office — ^what was that? To the resolution of 
this question, M. Flourens applied himself, and as he found it 
impossible to see the oigans of wliich phrenologists speak, he 
determined that his experiments should rather be directed to 
those parts which he could see ; observing, therefore, the ob- 
vious separation, which we have already mentioned, between 
the cerebrum, or brain proper, and the cerehelliim ^ observing, 
also, certain rounded little tubercular masses (usuaUy named 
tii>ercula quadrigemina) situated just at the point where his 
irritations had ceased to produce contractions, and which, from 
theirconnexion with the root of the optic nerves, and position 
at the junction of the brain and spinal marrow, appeared to be 
of importance ; he I’esolved to attempt ascertaining the func- 
tions or offices of these three parts, the cerebrum^ cerebellum^ 
and ti^ercula quadrigeminay and for this purpose made the 
following experiments. 

He removed, by successive small slices, the cerebellum of a 
pigeon ; and as he proceeded, the bird lost, first, the power of 
flying, next of walking, next of standing steadily. It remained 
in any situation in which it was placed,*not because it did not 
msh to change, nor because it wanted muscular contraction, 
but because it w^ incapable of combining that muscular con- 
traction so as to produce motion of the kind desired. Thus, if 
menaced by a blow, the bird evidently was aware of its danger. 
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wished to avoid it, and ^^hod itself into a thpnaan^ ep^xtor- 
ijons to escape ; bu|; the muscular contritions, not being eonfl^- 
bined or directed to one end, proved use. Again, lyhen 

placed on its back, itllisliked the position, made a thousand vain 
efforts to rise, ^d finished hy remaining as it was. 

In another pigeon, the cerebellum was also removed by 
layers from befirtre backwards, and the eifeci^ are thus described. 
The equilibrium was lost almost completely ; the animal had 
great difficulty in keeping itself standing, and could only ac- 
complish it by the aid of its wings and tail. When it walked, 
its steps were unsteady and tottering, and gave it all the ap- 
pearance of an animal that was drufik; so that frequently in 
its efforts to advance it fell and rolled over. When thp 
layers had been removed, all sort of harmony or combinatmn 
of motion was entirel}^ lost : it could no longer either fly, walky 
or stand. These faculties were lost by little and little, as each 
successive layer was removed ; and M, Flourens found, that 
you could with certainty, by continuing your eiccision to a 
certain extent, destroy either or both of the former, without 
affecting the latter. These faculties, even the last, are lost in 
a gradual manner, becoming more and more imperfect beibro 
they are quite abolished. The animal, as regards standing;, 
commenced hy being unable to remain loi^g balanced on ita 
legs ; it tottered almost every instant ; then its feet no longer 
sufficed ; it was obliged to assist itself with its wings and its 
tail ; finally, every upriglit i>ositioD became impossible, the 
animal made incredible efforts to gain such a position, in 
vain. The powder of walking was lost in a manner similarly 
gradual. The animal at first had a tottering gait, quite similar 
to that of a drunken man ; then it assisted itself with its wings, 
tlien it could no longer walk at all. “At the removal of tlie 
middle layers,” says M. Flourens, “ the pigeon on which I W’as 
c^erimenting saw and heard perfectly w;ell ; it uttered no 
complaint, its appearance was gay and lively. From its general 
air, no person w'ould liave suspected that it already wanted> 
half its cerebellum ; but en revanche^ its gait was veiy totteriiJg 
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and atieortaiiiy bod It soon began to assist itaolf wilii its wings, 
r continued tot cut. Tlxe animal lost totnll^ the power of 
wdking ; its feet no* longer sufficed for standing ; it couM 
meiely support itself on its bent legs by thfe aid of its tail and 
wings. Frequently it endeavoured to fly or walk away, but 
these useless attempts served only to rCcoind ns of the first 
efforts at flight or walking made by the young lard when it 
leaves the nest. If you pushed it forward, ft rolled on its 
head; if backward, on its tail. I pursued my sections, and 
the animal could no longer support itself On its knees, toil, and 
wings; it rolled constantly round without being able to remain 
in any fixed position. When worn out by this exercise, it 
would remain for a moment in whatever position it chflmcad to 
be placed, sometimes on the flat of its back, sometimes on its 
belly. AH this time, it saw and beard perfectly. During its 
interval of rest the least menace, the least noise, the slightest 
irritation, renewed the tumultuous scene of its contortions ^ 
but in the midst of all these contortions, so wild, so violent, so 
uaircgulated, tlicrc never was anything like convulsions.” 

It' foDows, then, from these experimenter made witli tin?' 
greatest care, and repeated frequently, that the office of the 
cerebcUum is to combine muscular action so as to make it sub- 
servient to flying, walking, running, leaping, standing, &c. If 
tliis be so, what becomes of the doctrine of the craniologists^ 
who make it the organ of an animal propensity or passion? 
What experiments have they so decisive and undeniable ? But 
we forget; Gall and Spurzheim objected to experiment as & 
mode of testing the offices performed by different parts of the 
brain; perhaps, they had seme notion of the conclusions to 
which such experiment would lead. 

M. Flourens next turned his atteoftion to the titberch^ 
quadrigemisMy which we have already said are the roots of tha 
nerves ef sight, and are situated at toe boundary-lane between 
toe brain and the spmal marrow; toe line at toe one tole of 
which irritation paednoeB convulsiona'-ati the other, not. It 
nui^ he neeemry add, that toe nervea going from theag 
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bodies do not ron to the oi^g;^ of the same ipicto, bixhiliteifaneet*- 
ing, ate said to decussate, the fibres of eachi'cmsihg th^sif 
the other, and so proceeduig to the opps^te organ. The lesidt 
of tills, which also dccurs in other parts of the brain, is, that 
an injury done to cithor side of that organ is frequently felt at 
tiie opposite side of the body ; thus effusion on thought inde 
of the braiii will produce paralysis on the Jeft side of tile body. 
Wo shall see that a similttr effect resultM in M. Flourenra 
experiments. » 

^ I removed from the brain of a pigeon one of the tubercles t 
the excision was accompanied by a convulsive general flutter, 
but not of any duration. The eye of the opposite side imme*- 
diateiy lost its sight, but the iris remained for a long time* 
movealde. The animal stood, walked, flew, heard, and uttered 
sounds expressive of pain. It often turned round, and chiefly 
towards tlio side on which the tubercle was wanting : it saw 
perfectly with the eye on this side. This latter feet probably 
exjdmns the former, which liad no connexion with the removal 
of the tubercle, but witli the notuml inclihation oi an anhUal 
to move towards the side at which it sees best. This is ren- 
dered probable by the experiment of covering up one eye in 
several pigeons, when they will each he found to turm most 
fre(j[uently towanls the side at which is the uncovered eye. 
When both tubercles were excised, complete bliudneas was the 
result ; but the animal retained all its powers of hearing, feel* 
ing, standing, walking, and flying. As soon as tha immediate^ 
pain of the operation was over, the animal become tmuqum and 
quiet, and in every respoct as before, save* that it was totally 
and completely blind. The conclusion then is clear, these 
tviicrcula quadrigmina are, as it were, the intemal organs of 
vision ; the means of commuiiicatmg to the bndn the sensations, 
brought in by the optic nerves.” 

His thirds and by many degrees his most interesting isquiiyv 
was that into the fimetionB of the csrdfmm^ or bsain proper^ 
the organ, as it would seem^ of intelHgeiiee and inatiiict, tha 
centre to which impreasums, mode on. the aanae, sre ail refeirad^ 
and without the action of which these impreasiaiu would pass 
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Unnoticed aod unknown,' In these experiments, he made^M 
it were, a siiignlBr anolyflis of the animal’s cxistkace; he 
deprived it of animal life, that by which it maintained its relar 
tions with the external world, and left it only organic life, 
tlmt by which it converted into nutricnent Substances placed 
within thd action of its digestive organs. A stranger, as M. 
Broc observes, to everything by which it was Burrounded, 
in^nsible to everything that acted on it; it saw not, heard not, 
smelled not, tasted not, touchy not, — ^not even that which 
touched it. Without desires, without caroa, without pains, 
without pleasures ; indifferent to everything, it lived without 
being conscious that it lived, or rather it had |*eased to live 
though it still vegetated. It still breathed, its heart beat, its 
animal heat was preserved, it could even move when urged to 
it by an external impulse ; but the impulse never came from 
-within^^t had ceased to have any volition. 

1 deprived at once of the two hemispheres of its brain a 
fine healthy chicken. This cliicken, deprived of both liemi- 
s^icrcs of its brain, lived ten entire months in the most perfect 
health : it might still be alive had I not been obliged, in 
coming to Paris, to abandon it. During all that time, i never 
lost sight of It for a single day: every day I spent many hours 
in observing it; I h^ve studied all its habits; 1 have followed 
it in all its wayB; 1 have noted all its proceedings; and 1 now 
give the results of this long and careful observation* 

“ No sooner had 1 vemovod the two cerebral lobes, than it 
lost tJie sight of both eyes : it no longer heard ; gave no sign of 
volition; hut maintained itself on its lags with perfect ease and 
steadiness. It walked when goaded or pushed forwards ; when 
thrown in the air it flew; it swulloji^ed water when forced 
into its beak. It never, however, made any motion, unless 
when irritated. When placed on its legs it remained on its 
legs; when laid on its belly, in the manner in which fowls 
sleep, it remained on its belly. Constantly it was plmjged 
in a deep somnolence, from which neither voice, nor ligh^ 
nothing short of direct irritation, by means uf blows, pinches 
stabs, &c,, eould arouse it; six hours after the operation, it 
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assumed tbe attitude of deep and profound sleep, that is to 
say, it turned its neck, and hid iUH head beneath its wing, as 
animals of its species when sleeping. 1 left it almost 
half a quarter of an houri^in this situation; I then irritated 
it suddenly, and it awoke with a start f but scarcely had 
it awoke when it again relapsed ipto a sleep as deep as befsre. 
Eleven hours after the opcratioif, I made my chicken eat 1^ 
opening its bill, and pushing down it some food, which it swul^ 
lowed very well. ^ 

‘‘ The next day, it seldom awoke from the slce^ in which 
it was plunged, and when it did so, it was with all the usual^ 
gestures of a chicken when awaking. It shook its head, ruffled 
its feathers, sometimes even drebsed them with its bill ; oecaif 
sionally it changed legs, for often it* rested only on one, as is 
common with birds. In all tlifoo cases, it reminded us of a 
man asleep, who, without quite waking, or rather St*)! half 
asleep, readjusts his }>o&ture, &c., so as to assume Vtie les» 
fatiguing, fttietclies himself, yawns *Wid then drops oflPugaiu** 

“ On the third day it was no longer calm as ordinary ; It 
was in constant motion, went here imd there, but without any 
determinate aim or ohj^ict; and if it met with dot obsta^ in 
the way, it coul<WiQitlicr avoid nor turn awayTrom ft. Its 
caruncles were of a fiery red; its skin was intensely hot; it 
was suffering from a burning fever: I confined iqyself to pour- 
ing down its throat abundance of water. 

For the rest, there was no sign of convulsions, ito difficulty 
in balttncing itself, no want of liarmony in its motions : two 
days the fever had ceased, and the chicks then became 4ulct 
and somnolent as before. 

“ I now pass over many enti ies in my journal, and arrive all 
at once at the second month from the operation. * 

‘‘ The chickon enjoyed perfect health ; *08 I had carefully 
fed it, it had grown fat : it was almost constantly asleep, and 
when not asleep was still dozing. Some days past, the bones o:^ 
the skull, exposed to the air, liad exfoliated and fitllen oJF; the 
scat was now rapidly healing. 


z 
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mmilui «Fbeir the oparatio^^-*I nsnretmw a chiekffti 
fatter or ia better h^ih than this oDie. The ronxid of tha 
is entirely eeaitcd over ; a hne, smooth, white skinolothes the 
whole smfuse, and beneath the dhia is fonoed a sew osseous 
layexv etOl thin btit solid. 

^ 1 have many times allowed this chicken to fast fi>r two or 
three days toother, then 1 liare placed food under its nostiik, 
X have buried its beak in grain, 1 have placed com in the end 
of its beak, plunged its beak in water, and placed it on a heap 
of com. Under all these circumstances it has neither smelled, 
^ pecked, nor drunk ; it remained immoveable on tlie heap of 
com, and would, assuredly, have died there of hunger^ had I not 
resumed iny method of feedk^ it myself. 

Twenty times, in place of grain, liave 1 placed pebbles at 
the bottom of its beak, and it has shallowed them just as it 
would have swallowed grain. 

Furthermore ; when this chicken meets an obstacle in its 
way, it knocks up against it, and the shock makes it stop and 
reel; but to Ifwcl against a body is not to it ; the chicken 
never feels its way, or examincb by the touch ; it never hesi- 
tates when advancing ; it knocks and is knocked, but it docs 
not touch. 

“ Thus, then, the chicken, witliout its cerebral bemibphcres, 
has really lost right, hearing, smell, taste, and touch, yet uonc 
of theiso senses, or, to speak more pertectly, no organ of these 
senses has been directly interiered with. 

The eye is i>erfectly clear, uninjured, and its iris move* 
able : the organ of hearing bos not been touched ; the organ of 
taste is perfect, and so is that of touch, llow wonderful! 
Sensation no longer exists, t hough all the organs of sense 
remain : it is clear, then, that sensation does not reside in these 
organs. 

“ Finally ; the chicken without hemispheres has loi^t aU its 
aeotses, for it neither hears, nor sees, noi smells, nor tastes, nor 
touches. It has lost all its instincts, for it never eats of itself, 
to whatever length of last it may be subjected, it never takes 
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shelter, bowerer great the uiclemeniyiGf the y^eaHhiet, it never 
dehaSa iiaelf agsamb the other chicked, it kiMms neitbeT b&w 
to fly mur to it Isels no neere.the eexiial desire, xe- 
sxudsis indifferentt or insensilfle to the oarosBee of the male. It 
has lost) all iutelligenoe, for it no hmgee either wishes, or 
remembers, or judges. 

^ The oererbral hemispheres, therefore, are the peculiar and 
proper seat of the sensatioiis, the instinct and the inteUigenod.’’ 

From this series of experitnents, clear, complete, and cosa- 
vindBg, SL FlocnoBS has establi^ed the offices of the cere- 
beilmsi, the tabeicula quadrigemina, and the cerehram; 
attaching to the first the power of regulating and oonfoiaing the 
motions of the body ; to the sooond that of oonneotiiig aa^hll- 
pressioii made on the visual organ with the place where it is to 
become a sensation ; while the third is the immediate recep- 
tacle of those sensations as well as of the ixwtinct and imder- 
<«tandmg. The next question which evidently presented itself 
was, whether all these insfancts, sonsatiojgih, &c,, occupied 
different seats in the cerebral hemispheres or whether they all 
concurred in occupying the same seat ; and as we have already 
shown from anatomy, the pro)«ihiHty that the latter was the 
case, in other words, tliat tlie Lrmn w^as an individual organ, we 
shall now show the more than probability which experiment 
brings to bear out our conclusion. 

M. Flourcns removed, in successive slices, the brains of a 
groat numl)er of pigeons ; begimung iu every possilfle direction, 
cutting sometimes from behind, sometimes from above, and 
-sometimes peeling it off, as it were, from around a central 
nucleus. The invariable result of all these experiments was, 
that he could proceed to a certain extent without destroying 
the functions of the hemispheres ; in foot, that a sufficiently 
amall portion of each hemisphere was enough for the perform- 
ance (in a manner) of all its functions ; that these functions, 
however, hocamo gradually enfeebled and impaired as the 
sections advanced, and that, at a certain point, they disappeared 
suddenly and It follows, then,’' adds M. Houtsbi^ 
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*Hhat there are no different seats for different not Ibr 

different sensations. The faculty of peaedvlng, Judging, et 
Ttishing a thing, resides in the same place as the faetilty of per^- 
ceiving, jud^ng, or wishing any other thii^, and, eonsequentdy^ 
this faculty, essentially one, resides also in an individual 
organ.’* 

We need scarcely say, this conclusion completely destroys 
craniology from the roots : the brain is one Oijgan, not many 
organs. 

We must now leave tliis subject, however interesting, and 
proceed to consider the remaining parts of the nervous system, 
the spinal marrow, with the nerves which it gives ofi^ and the 
great sympathetic nerve, reserving for a separate chapter what 
we have to say regarding the organs of sense, and the i>€culiar 
class of nerves by which they are supplied. And, in this part 
of our task, we are most opportunely met and assisted by the 
labours and discoveries of Sir Charles Bell, w'ho had originally 
set out nearly with the same object as' M. Flourens, but after- 
wards restricted his views to the parts which we are now 
about to consider. ‘‘I liave to add,** lie says, “that, after 
making several experiments on the cerebrum and cerebellum, I 
laid the question of their functions entirely aside, and confmed 
myself to the investigation of the spinal marrow and the nerves; 
a subject wliich I found more within my power, and wliich 
forms the subject of the present volume.** 

We have already described the spinal marrow as composed of 
four columns or rods of nervous matter, two anterior and two pos- 
terior, laid together and enclosed in a common sheath. As the eyo 
runs along this sheath, it perceives that, in the interval betw^een 
every pair of vertebrae, a nerve is sent out to each side of the 
body ; and, on looking more closely, it becomes evident that 
each of* these nerves has two roots, one from the anterior, the 
other from the posterior column, or root of the spinal marrow 
on its own side ; that these roots join to fom the neive yeiy 
soon after leaving the spinal canal, but tliat, previous to 
joiniug, a ganglion, or little enlargement, containing gray 
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is always fonned on the root coming from the |>osterior 
column^ An idea of fhis may be fonned from tlie accom- 
panying cntj in which we have represented a portion of the 
spinal marrow removed from its canal^ the sheath laid ope% 
and the origin of the nerves displayed. 



Origin of Spinal Korrcs with Ganglia, &c. 


m, Spinal Marrow. «, Nerves arising from it by a double root. 
bt Sympathetic Nerve, lying across the others, and receiving a root in it 
passage from each. 


Now, in examining the bodies of animals, “anatomists always 
find that the impoi-tance of any particular arrangement is to 
he estimated, not so much by the size of the parts concerned, 
as by the constancy with which they assume the same order ; 
and as the spinal nerves invariably present two roots and a 
ganglion on the posterior, as the distribution of certain nerves 
also to certain organs is never wanting, or if wanting, the <»!gan 
is deprived of its particular function, it follows, hrom the above 
principle, that there must he some good reason why these 
nerves should have two distinct roots, and why the distribution 
of others should so constantly follow the same law ; and the 
most obvious explanation is, that the two roots confer difiRarent 
|)owers, and that certain nerves have peculiar functions. In 
speaking of the AJexandrian School of Physiology, we have 
mentioned that the former of these explanations had occuired 
to Erasistratus, and that he had actually divided nerves into 
nerves of dense and nerves of motion, to which -he assigned 
diflfereut origins; he appears also to have had ideas of the pecu- 
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liar &BGtiosi9 o£ certain serves ; but bis disccrvene^ in a gvcat 
measare, perished with him and the school to which he 
l<»iged^ aikd &r many succeeding generations it seemed to be 
the doctrme^ that the function of nerves dicpended m the 
oigans to wliich they were sent ; thus^ that any nerve would 
see as well as the optic, if sent to the eye, or any nerve taste as 
well as the gustatory branch of the fifth, ii‘ distributed into the 
fine papilla on the surfiice of the tongue. Objections to this 
doctrine were, howeve|;, frequently made, and, though gene- 
rally taught, it was felt not to be satisfectory. The tongue is 
supplied with nerves from no less than three different sources; 
to what use, it was said, can this answer, if they all supply the 
same faculty ? To this, even Soemmering could find no better 
reply, than that the tongue required a great deal of nervous 
excitement, and that, perhaps, two or three small nerves might 
do the work of one large. Wrisberg, Scarpa, Prochaska, 
Paletta, and Munro, each approached us, eitlier through ana- 
tomy or physiology, something nearer to the true explanation ; 
but it was left for Sir Charles Bell ultimately to propound and 
demonstrate, that each of these nerves supplied the part with a 
peculiar endowment, which could never be communicated by 
a predominance, however great, of the other nerves ; tliait the 
roots rising from the anterior columns of the spinal marrow, 
uniformly conveyed the principle of motion to the muscle to 
which they were distributed ; that sensation was the property 
of the posterior roots ; that the filaments arising from them, to 
whatever length tliey might run, however they might he inter- 
woven or bound up with other filaments, never lost their ori- 
ginal function, jmd that this unchangeableness of ofiice belonged 
not only to the nerves of sensation and motion, but was ex- 
tended to a peculiar class of nerves, destined to produce the 
cMubined aetLons necessary for respiration, as also to the nerves 
supplying the organs of the individual senses. To this dis- 
covery, he says, he was led, by a diligent study of the ana- 
tomy of their roots, and the mode in w^hich he laid down tha 
piiiidpk was, that nerves have different functions, according 
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to the divisiosie of the bzmn and spinal maorow, frotn whidh> 
they take their origin,” Having satisfied himsdf of the truth 
of this principle by oimtomy^ he next proceeded to deuLonstrata 
it to others by experiment. 

After delaying long/* he says, on account of the un- 
pleasant nature of the operation, I opened the spinal canal of a 
rabbit, and Cut the posterior roots of the nerves of the lower 
extremity ; the creature still crawled, but I was deterred from 
repeating the experiment by the protracted cruelty of the dis- 
section.” The result, however, as faff as it went, was clearly 
consonant with his views; the animal had moved after the 
posterior root of the nerves had been divided, therefore these 
were not the roots which served for motion. It next occurred 
to him, that as life does not leave the muscles^ and nerves 
directly on an animal’s being knocked down and rendeijed 
senseless, he might experiment on it in this state, and thus 
save it the torture of being dissected alive. For this purpose 
a rabbit was struck behind the ear, so as to deprive it of sen- 
sibility by the concussion, and the s|>iiial umarrow was then, 
exposed. On irritating the posterior roots of the nerve, nO' 
action could be perceived consequent on it in any part of the 
muscular frame ; but on imtating tlie anterior roots of the 
noiTe, at each touch of the forceps there w^as a corresponding 
motion of the muscles to which tlie nerve 'was distribute<L 
Every touch of the probe, or needle, on the threads of thfiy 
root, was attended with a muscular motion, as distinct os the 
motion produced by touching the keys of a harpsichorcL 
These experiments fully proved that the different roots asui 
different columns from whence these roots had their origina 
were devoted to distinct offices, and tliat the notions drawn 
from anatomy were correct. The explanation was, therefiufe, 
obvious, why one part should be supplied with nerves ftoiaa 
two to three different sources ; but to reduce tliis also to tha 
teat of experiment, he selected the face, wliicli is supplied with 
two nerves, the fifth and the seventh : on cutting across the 
nerves oi the fifth pair on tlie face of an ass, it was found that 
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tlie sensibility of tke parts to which it was distributed' lima 
entirely destroyed ; on cutting across the nerve of tlie eev^ltth 
pidr on the i^e of an ass, the sensibility was not in the 
slightest degree diminished. From this it followed, that tho 
fifth pair wasihe nerve of sensibility of the^face, that is, the 
nerve by which the face felt all impressions made upon it ; 
smd, in tracing tliis nerve back to its origin, it was found, soon 
after leaving the brain, to present a ganglion, so that it in all 
respects answers to thf nerves arising from the posterior roots 
of the spinal marrow, and which, as we have already shomi, 
tend to the same office for other i)arts of the body. But the 
similiUide does not terminate here ; Paletta had shown that all 
the filaments of the fifth pair did not enter the ganglion ; a few 
passed it hy„^onning, as it were, a separate root to the nerve ; 
and, on tracing these cai^fully, they weij5%ound distributed to 
the muscles that move the lower jaw : could these be, like the 
anterior roots of the spinal nerves, destined to produce muscu- 
lar motion ? ‘‘ The opinion,” says Sir C. Bell, “ was confirmed 
by experiment. The nerve of the fifth pair was exposed at its 
root in an ass, the moment the animal was, killed ; and, on irri- 
tating the nerve, the muscles of the jaw acted, and the jaw 
closed with, a snap. On dividing the root of the nerve in a 
livii^ animal, the jaw fell relaxed.” Thus the functions of 
the fifth pair are no longer a matter of doubt ; — it is to the face 
what the spinal nerves are to the body ; it arises, like them, by 
a double root, one supplied with a ganglion, the other 'wanting 
it ; and also, like them, it contains two sets of filaments, the 
one for sensation, derived I'rom the former root, the other for 
motion, owing their origin to the latter root. 

It appears, then, that each nerve, or, more properly, each 
nervoris filament, for filaments of difterent power may be 
bound up in <me common sheath, performs but one function ; 
eansejiuently, that if a part be required to execute more offices 
than one, it must be supplied with nerves from more sources 
than one. Of this we obtain a satisfectony illustration from 
compaiaiive anatomy, by contrasting the feeler of any of the 
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meiect) ar cirustaceous tribes, irith the trunk of the elephants 
the former is destined solely for sensation, therefore it is found 
to be himislied with a single nerve supplied by the hfth pair, er 
that c<mferrii]g oommon sensibility ; but the proboscis of tim 
elepljiant is not only destined as an organ of touch, but being 
hollowed into a tube, shares also in the motions of respiration ; 
consequently it is found not only to have nerves from Ihe fifth 
pair, as above, but also laige branches iiom another (the 
seventh), of wliich Sir Charles Bell has shown the iniluencu^ 
the muscles in respiration to be the peculiar function. It may 
strike our readers that these nerves of respiration are a laew 
dass, and do not properly come under the head either of sehsa* 
tion or motion, therefore that they sliould have some peculiar 
origin of their own, but that no such appears hi, the i^inal 
marrow, which merely consists of the^four columns, two an* 
terlor, for motion, and two posterior, for sensation. And this, 
it must be admitted, is a difficulty which anatomy does not 
enable us to remove in its full extent. Confining our atten- 
tion, however, to tliat part of the spinal marrow, termed the 
medulla oblongata, placed like a capital on the top of the 
column, and forming the part which immediately connects it 
with the brain, we perceive that between the four rods, of 
which we liave spoken, others are, as it were, inserted or let 
in ; from these'the 8Ui)crior respiratory nerves can be clearly 
sjio'wn to have their origin ; and Sir Charles Bell supposes, 
that though these inserted parts cannot be traced to any dis- 
tance in the spinal column, yet that a fine streak of medullary 
matter must be sent along it from them, endowed with the 
same peculiar power, and communicating tliis power to the 
I’cspiratory nerves, wliich are given off in its downward course. 
We have thus given as full a view as our limits and the 
nature of our work will permit, of the discoveries and theory 
of Sir Charles Bell, to which we must add, that they have 
been by uo means allowed to pass unquestioned. In fact, in 
1815, Mr. Cross propounded the diametrically opposite dootrine,^ 
that the anterior pillars and roots were destined for sensation. 
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natd tihe poskcaior fior moUcai ; Mr; Walker tkonghl^ Uiis $0 ikt 
tkt truer doetraoe, that he wrote to claim it as Mb own ; while 
Burdacih, who^ with Boer, in 1818^ made a series of expert 
ments altogether denied the distinotnesB of function of 

tkesEutezior and posterior roots, and arrived at the conclusion^ 
that the. united inflneneo of both is necessary to produce, in a 
spinal nerve, the perfect discharge of eitlier of its functions, 
sensation, or motion. In 1822 Magendie, being made acquainted 
with Sir Charles Bellja views by Mr, Shaw, immediately com- 
menced a set of experiments, the result of wliich was to afford 
them the strongest and most decided confirmation. Thus in a 
young dog, havmg divided the posterior roots of the spinal 
nerves, he says, ^ the sensibility was always completely extin- 
guished when the anterior roots were cut, ‘‘ the limb became 
relaxed and motionless, while it evidently retained its sensi- 
bility.’’ And, finally, he thus expresses himself at the con- 
dbsiou of his essay : ‘‘ the posterior roots appear destined more 
particularly to fulfil the functions of sensibility, while tlie 
anterior roots are more especially connected with the functions 
of motion,” Subsequent experiments do not appear to have 
been altogether so decisive ; as we find him, in a second paper 
on the subject, coming to the conclusion, that sensat ion does 
not derive its origin eosclusimly from the posterior nerves, not 
motion from the anterior. Since then, the interestiug nature 
(d the question has caused very many physiologists to attempt 
its solution. Fodera gained results very dubious, and, in many 
instances, opposed to Magendie. Betiingeri framed a theory of 
his own; viz., that the posterioi roots of the nerves served for 
the extension of limbs, imd the anterior for tlreir flexion ; a 
theory whidifit appears to us we should be almost justified in 
terming ridiculoTis, Schdps, Backer, aztd Bedard, made their 
eacperimentB with various results, all, however, tending towards 
Sfer Chories Bell’s views, which appear to have received their 
final confirmation from the experiments of the aecorate Miiller, 
pnildieliied in 1881, as well as those made by Pandzaa, in ^senee 
Soaipa, and by Seubert, in presence of Tiedemann, about the 
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saizte peskxL Dr* Staainms wa% we belieTe^ the last es|>eis<^ 
niiteBter iir this haae ; hut, as Ms testimony ji*oes chiefly 
flrm the accuracy of Miiller, aixd, conseiitiexttly, the corredaiess 
of Sir Charles Bell’s views, we may be excused entenng 
it, referring those who may be anxious to see an aeceimt of Ms 
expeniuents to Heeker’s Litierdrische Anmisu, for Deeembez^ 
1832, irom whence they were transferred to the pages of Bia 
Bublin Jimrml of Medkal and Chemoai Sctmcey a peiiodieal 
which has now attained a marked priority in introducing the 
labours of foreign physiologists to the notice of their Britiak 
Inrethren. 

The principle of nervous action has been much contestui^ 
and little understood : it shall, therefore, detain us but for a 
very short time. Three tlieories are ventured on the sul^eet i. 
1st, that a very flue subtile fluid is transmitted flrom the hram 
to the nerves, and vice versd^ and so conveys the commands of 
the will, or notice of on injury ; 2ndly, that tl^ takes pfecd 
l>y vibrations or undulations along the coiirse of the nerve ; 
and, 3rdly, that this principle is neither more nor less than thet 
galvanic current. The first opinion is very old, and seems tu 
have originated in the idea that the brain was a gland, and, 
from the great quantity of blood sent to it, must secrete soma 
kind of fluid. This fluid could not be dbowm, therefore it 
must necessarily be of a very subtile nature, and capable of 
moving with tlie necessary velocity, or, aa Stuart deseribea it> 
tenuissimum, dulcissimum, mobilLssmium, et minimi co* 
li^erens, aut coagulationi sanguinis obnoxium that is, most 
subtile, most blond, most mobile, possessed of the least possiblG 
tenacity, and not liable to coagulation like the blood. It is, in 
short, the animal spirits of the pliilosophexs of two or three 
centuries back, and to which the genius of Descartes gave the 
Xnincipal celebrity. Researches are still being made by Geav 
man physiologists after this, as yet, imaginary fluid, and 
Auteudeth, we believe, is said to have aill hut demonstrated it*. 
Dntil he does so completely, we will take leaver to doubt ato 
existence, the moi% particulairiy, that even if we were to adsnlt 
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the ncrvBs to be tubes, and containing a fluid, both of which 
&ct8 we deny for wmit of evidence, we do hdt see how the &ct 
of a fluid moving backwards and fotwatds would assist oUr 
understanding the nature of sensation and volition. 

The second hy|K>thesis, or that of vibrations, owes its chief 
celebrity to Hartley, and supposes that the nerves are sonie^ 
thkig like the strings of a musical instrument^ which, when 
tooctied, vibrate, and that this impression, made at one end, is 
communicated at the other. Those vibrations were supposed 
tod>e continued into the brain, and were even made use of to 
explmn the association of ideas : but there is nothing so abiUird 
that an ingenious man cannot colour over, and invest with a 
certain degree of plausibility. All the world knew that the 
common conditions reqnired before a chord can vibrate are, 
that it should be tense, or stretched between its extremities, 
and isolated, or not allowed to rest along another body : but 
every one who liad eyes, could see that a nerve was so far 
from being tense, that, if cut, its out ends actually overlapped 
each Other, and so far from being isolated, that it was the whole 
way imbedded in soft, moist, cellular structure, often sur- 
rounded by fet and other yielding substances ; yet, though they 
knew the one, and could see the other, they still pomuaded 
themselves that somehow or other a nerve could vibrate : cer* 
tainly when they had got so fer, subsequent difficulties were 
not likely to stop them. 

The third hypothesis, or that of electricity or galvanism, 
has been most elucidated by the researches of Dr. Wilson 
Philip, and we sliall briefly consider the experiment on which 
he most insists, as proving its truth. 

The hair was shaved off the skin over the stomach of a 
young rabbit, and a shilling bound on it. The eighth pair of 
nerves (the pair by wliich the stomach is supposed .to bo en- 
dowed with the faculty of digestion) were then divided, and 
about a quarter of an inch of the lower part of each coat^ with 
This was done to render them more convenient eon- 
daetors of ihe galvanic fluid, w^hich was th^ sent along them 
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id the ufinal wRy. For five Jiouns the imixnal contiimed in a 
perfectly natnnd state» and exhibited none of those symptoms 
of deoraagement of the functions of the lungs and stomachf 
which usually follow the division of the eighth pah\ It had 
netther vomited, nor been distressed with difficulty of breath- 
ing. It had not eaten anything after the nerves were divided. 
The power of the galvanic mixture was, by this time^ getting 
exhausted, and, in proportion as it failed, so did the anusnal’s 
respiration become disordered : iu a quarter of an hour it had 
become so difficult, that the animal lay gasping, and apparently 
at the point of death. Acid was now added to the mixture in 
the trough, and the galvanic pocfvcr raised, till as high as at 
first. Soon after this the animal ceased to gasp, and breathed 
with much greater fteedom. The galvanic process was several 
times discontinued and renewed, and always with the same 
efi'oets. The animal died in six hours after the division of the 
nerves, and on being opened, it was found tliat some parsley, 
wliich it had eaten previous to the experiment^ had disappeared, 
or at least was deprived of all its peculiar apf)earance and smell, 
and reduced to such a pulp as is usual in healthy digestion. 

Both Mr. Hastings oud myself,” says Dr. Philip, “ who have 
been much accustomed to exainiiic the stomach of rabbits^ 
under various circumstances, thought that digestion was nearly 
os perfect, as it would have been in the same time in a healthy 
rabbit. This rabbit had not eaten unytliiug for twelve hours, 
till within thr ee hours of the experiment ; it was then very 
hungry, and was alloAved to eat as much parsley os it choee,” 
This ex])eriment Dr, l*hilip varied and repeated in different 
ways, and added others similar, which also gave similar re- 
sults; in conclusion, he says, “We here see the influence of 
the brain removed, that of a galvanic trough substituted in its 
place, and the result the same as if the influence of the brain 
had still continued he therefore concludes, that the nervous 
influeime is tlie galvanic fluid, collected by the brain and 
spinal maarrow, and sent along the nerves ; and aaks. Whether 
it be possible to explain the result of his experiments without 
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adiolttmg tlie iiieeftity of the nervous influenoe aM 
i«*l? . U , r 

vm HtMWder this idvazieed tts a logical ^ocf, 
a fallacy is at 4noe evident, though Dr. Phi% has ragmoxiAy 
kept it out M view, by making his syllogism an rnths^tmem^ 
and placing the fallacy in the suppressed proposition. For has 
argument is this : galvanism produces the same efiReets as the 
nervous influence sent from the brain, therefore, galvanism ts 
the aeryous influence sent iix>m the brain. The suppressed 
proposition is, sameness of effect, infers identity of cause 
and the fallacy of this we can demonstrate without leaving the 
ground Dr, Philip has chosen ; for if he select the contraction 
of a muscle as the effect, we know it can be caused by pinching 
with a forceps the cut end of the nerve going to it, and it can 
also be caused by sending a galvanic shock through the nerve ; 
but it Ls evident, tliat pinching with a forceps is not, therefore, 
a galvanic shock. 

Leaving, however, the strictness of logical proof, which is 
seldom to be expected in such a case as the present, we would 
in the first place remark, that the accuracy of l>r. Philip’s 
expc'riments has been denied on very high authority; and the 
following experiment which Dr. Cooke relates, as having been 
made for the satisfaction of some of the members of the Royal 
Society, certainly tends to support the denial. 

Experiment 1.— *“Two rabbits, which had had no food for 
seventeen hours, were allowed to cat as much parsley as tliey 
chose; the nerves of the par ragum (eighth pair) were then 
divided at the neck of both the rabbits. One of the rabbits 
was subjected to tlie influence of a voltaic battery, and tho 
process was continued fo^ five hours ; the other rabHt was 
allow'ed to remain quiet. At the end of five hours tho two 
rabbits w^ killed ; and, on examining the stomachs of both, 
the appearances were exactly alike, except that the contiactaim 
df the centre was somewhat greater in the galvanized stomach 
tlisBi the other.” Thb is totally inccsisbtent with what should 
hanre happsied, if Dr. Philip’s theoiy were correct ; hut in 
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{sett it hy no mesam g«DexaIly admitted that tiba Amo- 
tions of the stoaaach are dependent on the ei^th pair, wiiioJi» 
it will be obsenred, is tak^ Ibr granted hy Dr^ bnt 

CTpressly denied by Sir Beiyanun Biodie and other endaeat 
physiologists, and that on the Mth of anch ea:periinents as 
the following, which Dr. Cooke seems h> give on his own 
authority. 

ExpjsazAfENT 2, — “ In a young cat, the tennioatiou of tlm 
nerres of the eighth pair on tlie cardia of the stomacb^wefeo 
•carefully divided ; tlie animal was perfectly wdd affcerwaads, 
was lively, ate its food as usuab and the Tei^)iTation was not 
afifected. At the end of a week, §nd three hours after havii^ 
been fed with meat, the cat was killed. On dissection, diges- 
tion was found to be going on as usual ; the food in the 
atomacli wae^ in a great iiieasuze, dissolved, and the thoracic 
duet and the lacteals were distended with chyle, having the 
ordinary appearance. 'Uie nerves were carefiiyy traced, and it 
w'us ascei'taiiied that not the smallest hlament had been left 
undivided. This expeiiment was repeated with exactly &e 
same results, and the Editor of the Quarterly com- 

menting on it, observes, ^it appears to set the inquiiy at rest, 
and dispruve tlie experunentb made by Dr. Wilbon l^hilip.’ ' 

Dut though Dr. I'hilip has failed to eshiblish his own 
opinion, he 1ms given a very satisfactory refutation of the 
tlieories of Descartes and Hartley. He cut a nerve, and after 
retracting its extremities to the distance of a queiter or half on 
inch from each other, Ibund that it was still callable of convey- 
ing the stimulus to act: of course, this w’ould Imve been 
impobbiblc, had it consisted in vibrations, nor do we see bow it 
was to lake place, if dependent on a subtile fluid flowing 
tlirpugh very fine tubes. 

[l*liyBiologb)ts, however, are anxiously watching the progress 
of discovery in animal electricity, than which, no science has 
told deeper secrets in moi*e fruniliar language. Generaliisaticui 
has been carried so for, and so happily, in electrical researches, 
that, notwitlistanding the philosophical caution which keeps 
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l;>ack the phyBioian from yielding to the hope being eble 
identify nervous with galvanic power; yet, that there is eotne* 
intimate, though still latent, connexion between these subtile 
principles, is a matter of very general belief “ He who pre* 
dieted, and ahowed,’* says Dr. Walsh, in a letter to Dr. 
Franklin, “ that electricity wings the formidable bolt of the 
atmosphere, will hear with attention, that hi the deep it speeds 
a humbler bolt, silent and invisible. He, who analy^^d the 
electrical phial, will hear with pleasure that its laws prevail 
in animate phials. He, who by reason became an electrician, 
will hear with reverence of an instinctive electrician, gifted in 
his birth with a wonderful apparatus, and with skill to use it.” 
It is singular (and we are not aware that the observation has 
before been made) that the ancients generalized the electricity 
of the torpedo, to whicli Dr. Walsh alludes in the preceding 
extract, with the powers of the magnet, when they recom- 
mended hotb /or Ihe cure of gout ; thu^ unconsciously an* 
ticipating the great discovery of M. Q^rsted of the identity 
of the electric and magnetic currents. To compare the blind 
coincidences of past practices with present opinioiui opens up 
a curious proof that both rest on common ground. The cause 
of gout, says the physician of to-day, is “ weakened nervous 
organic power;” the Itomau and Arabian physicians recom- 
mended the shock of the torpedo as a remedy for the same; 
(Ftius says that those atHicted wi^i tho gout, either in the 
hands or feet, should hold a magnet in the hand to rdiieve the 
pain : and the electrician sees but one aud the same principle 
in the empirical remedies, in the physiological opinion, and in 
the disease itself. t 

,Let us turn, however, to the tacts; Sula<ir, as early as 
17()7, dcfi^ibed the influence upon taste caused by the contact 
of different metals with each other ^and with the tongue. In 
1773, Dr. Walsh proved that electricity is an animal, as well 
as an inoiganic product; that the back <md breast of the 
torpedo an? in different states of electricity;, and that, to 
ceive the shook, it is necessoi'y that the upper and lower sur- 
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feeds of the animal shonld oommunicato hy some conducting 
substance* Before the time of Galvani, it had been observed 
that muscular convulsions were sometimes caused by elec- 
trioity, but in 1790, he discovered that these take place when 
a muscle is connected with a nerve by a metallio conductor: 
soon after this, Volta discovered that the mere contact of 
bodies is sufficient to disturb electrical equilibrium, and that h 
current of electricity flows in one direction through a circuit 
of three conducting substances. 

If we analyze these few fimdamental facts, we shall see 
that Dr. Walsh discovered organic electricity, or that which 
e^dsts os a natural product of animal organization ; that Gal- 
vani showed the conditions necessaiy to produce one of jthe 
most startling effects of electricity, artificially excited, upon 
organized beings; while the results obtained by Volta '(ex- 
plained the facts recorded, but not understood, by Sulzer, 
^‘Tho principle once establislied,^* says Sir John Herschel, 
“ that there may exist in the animal economy a power of de- 
termining the developement of electric excitement capable (rf 
being transmitted along tlie nerves; and it being ascertained, 
by numerous and decisive experiments, that the transnlission 
of voltaic electricity along the nerves of even a dead animal , 
is sufficient to produce the most violent musculap action, it 
became an easy step to refer the origin of muscular motion in 
the living frame to a similar cause, and to look to the brain, a 
wonderfully constituted oi^gan, for which no mode of action 
pojssessing the least plausibility had over been devised, as the 
source of the required electrical power.” 

That such has not yet been proved to be the case is per- 
fectly true ; and it must be confessed that electricians are for 
more sanguine than physicians upon this point : but we agree 
with Professor Daniel], that “ there never was a more tempting 
field of resea^h, or one that offered a higher reward for its 
successful cultivation.” **In these electric fish,” says the 
same writer, ** we behold nervous power converted into electric 
force; it cannot be doubted that the converse of this ispos- 

2 A 
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fiible. We m, however, only upoa the thieabold of this 
inquiry of BOipasBing interest*.”] 

It only remains^ to conclude this chapter, that we should 
say a word of what is called the great egmpaiheUG neree. 

This has properly neither beginning nor ending: it re- 
fiembles none of the nerves of which we have hitherto been 
speaking, and which can all be shown to originate at some 
determinate place, either of the brain, or spinal marrow. «. Tho 
sympathetic, on tho contrary, seems to i^rii^ up, as it were, 
everywhere : and to be, in fact, a collection of ganglia united 
together by innumerable nervous filainents, and sending out 
others to all the oigans found in the great cavities of the cliest 
and abdomen, and generally known by the appropriate term of 
vital. In fact, wherever an ordinary nerve comes off from the 
spintd mmrow, there the sympathetic is sure to have a distinct 
filament sent to it also (see last plate) ; insomuch, that Le 
Gollois concludes it to arise from all the spinal marrow. The 
filament, in tho first instance, runs into one of these small col- 
lections of gray brain-like matter temed a ganglion, and it is 
here tliat it becomes, as it were, incorporated with the other 
filaments of the sympathetic system, and endued with its 
peculiar properties. It was at one time thotight that ganglia 
were peculiar to this nerve, whence it was supposed that they 
might bo so many centres for combining the actions and feelings 
of the different parts which derived nerves fium this source, 
and thus being the means of producing empathy y the name of 
^mpathetio was given to the entire system. Bichat even 
went so far as to consider it a distinct system, and quite inde- 
pendent of the other, or v^erehro-spinal system. The latter, he 
supposed to be the ceufro of anivfhal life ; that life by which 
we peiform all voluntary motions, and maintain our connexion 
with other animals: the former, he considered as tlie seat or 

[* Another has boon added to our short list of eloottio anlmalB ; on May e, 
1839, Mr. Yarrell eachlbited to the Entomological Sooiety of liondon a large and 
very hairy caterpillar^ a native of South America, which, together with the 
doctric ed, the torpedo, and the Tremhlcnr of Bronsooimet, pooMssscB the power 
of oommiooioatiDg the eMelo ebook.] 



NEBVOtJB BTBTfEH. 


doo 


centre of orgamc life, that life by which w© maint^ our indi- 
vidual existence,— and as the brdn and spinal marrow, through 
the nerves which they give off, direct all our actions in the 
one, so did he suppose that the ganglia were so many distinct 
little brains for presiding over all the internal motions neces- 
sary to the healthy maintenance of the other. This idea oi 
the ganglia being so many brains is given up, hut the distri- 
bution of functions is nearly such as is now-a-days admitted* 
though the distinctness of the two ^sterns is no longer main- 
tained. 

An important difference in the mode of action of this nerve* 
is, that it is not under the direction of the will. The use of 
this is great and obvious : the parts supplied by it, and deri- 
ving their vital energy from it, are of such a nature that thefar 
functions are required to proceed independently of our volition 
or attention; in fact, while we are asleep, as well as when w© 
are awake. Thus the heart, which is abundantly supplied by 
branches of tlie sympathetic nerve, beats night and day, from 
the moment of our birth to that of our* death, without re- 
quiring from us any care or pains, and its cessation would be 
instantly fatal. How wise then the provision, thus to with- 
draw from the reach of our will or caprice, an organ on the 
action of wliich our whole life depends ; and bestow on it a 
new and different principle of action, which, while it impels 
its muscles constantly to contract, at the same time relieves 
them from ever feeling that sense of lassitude and weariness so 
ovcr})owering under continued exertion of what are called the 
voluntary muscles. Equal wisdom is observable in the pecu- 
liar kind of sensibility with which it is endued. The nerves 
that arise from the posterior columns of the spinal marrow and 
terminate every where on the surface of the body, serve, by 
their power of conveying impressions, to give instant notice ot 
the approach of whatever, by its continuance, would be in- 
jurious or detrimental to the entire frame. A man who acci- 
dentally suffers his hand to touch any body of a temperature 
higher than is consistent with the existence of on organised 

2 a2 
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part, is at once warned, by the pain of the bum, to withdraw 
it. Were the injury accompanied by no pain, it is evident, he 
might allow it to proceed until it had reached some vital part, 
when his life would be the sacrifice. 

This obvious and simple reasoning at once enables the 
physiologist to reply to those discontented visionaries who rail 
at the existence of pain as an evil, and imagine how we might 
have been framed so as to be insensible to its existence. The 
same reason, however, by no means will extend to internal 
oigans supplied by the sympathetic nerve. Any destructive 
cause, to reach them, must have already penetrated the sensi- 
tive surface, where, of course, abundant notice of its presence 
has been given, and all further is needless. We find, there- 
fore, that of ordinary sensibility, the sympathetic system is 
totally devoid. No man can tell what part of his stomach or 
bowels is full and what part empty, though ho would have no 
difficulty in saying whether one of his hands was full and the 
Other empty; nay, so completely is this nerve devoid of ordi- 
nary aensiblity, that it is said, its plexuses and branches may 
be cut, or pulled, or twisted, without the animal appearing to 
suffer the least pain. But we know, that this insensibility 
does not extend to cases in which derangements occur in the 
functions over which it is set to watch ; let a man be seized 
with inflammation of the stomach, or spasms of the intestines ; 
let him have a stone in his bladder, or an obstruction in the 
gall-ducts, and then ask him whether his sympathetic nerve is 
not capable of conveying the sensation of pain, and thereby 
giving warning that something in the system is going wrong, 
and requires correction? 

We have thus completed our view of the general nervous 
aystem. 





Chaftsb XI* 

THE ORGANS OF SENSE. 

Five senses are generally attributed to the most perfect 
mals, viz. sight, smell, taste, touch, and hearing, of which the 
eye, the nose, the tongue and palate, the skin or generd 
surface of the body, and the ear, are considered the appropriate 
oigans. Every animal possesses one or more of these Acuities, 
which enable it to maintain its connexion with the external < 
world, and deprived of which it would, in fact, cease to be an 
animal. For had it no sensations, it would want all stimulus 
to action ; but thought and motion are both action, and would 
both, therefore, be extinct ; and the animal, fixed to the spot 
and incognizant of all the objects by which it was surrounded, 
would cease to be an animal, — it would be a plant. On the 
contrary, the more sensibility an animal .possesses, &e more 
energetic and frequent are its movements : the oyster, which 
in its perceptions is extremely limited, scarcely ever leayes the 
same place, its movements being chiefly confined to such mus- 
cular contractions as take place within its shell ; while the 
bird, endowed with sensibility in a high degree, is always in 
action. It has even been thought that the same distinction 
might be extended to man, and that those who receive very 
lively impressions from their senses, exhibit also a greater 
portion of energy and activity; the modifying causes, however, 
become here so extensive and numerous, as to make us ex- 
tremely cautious how we admit any general rules. 

Touc/i is tlie most generally diffused of our senses, and the 
most generally useful. It enables us to acquire notions re- 
specting the figure, size, weight, hardness or softness, tempera- 
ture, distance, See,, of bodies, and the great number of different 
objects to which it can be directed have caused, particularly of 
late years, a pretty general impression that it should be con- 
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ddered rather as many' than as one sense, though the mode in 
which it is to be divided seems not well agreed upon, ^r 
Charles Bell particularly, and we think with just groimds, 
insists on the necessity of distinuishing a sense of muscular 
contraction, or what he terms, ^ a consciousness of the state or 
degree of action of the muscles.” That we possess such a sense, 
is evident, from our feeling the effects of over-exertion and 
weariness, fmm the pain which is excited in us by spasms, 
which are noting more than the sudden, forcible, and invo- 
luntary contractions of muscles, and from our being capable of 
estimating the weight of a body held in the hand, which is 
only jud^g of the quantity of muscular exertion necessary to 
keep it from falling, by its own gravity, to the ground. It is 
this sense also, that enables ns to regulate all our positions and 
motions, which are, in all cases, the effects of muscular con- 
traction; so that it applies to a group of objects perfectly 
uniform, and quite distinct from the operations necessary to 
judge of temperature, or perceive pain ; we may, therefore, 
reasonably admit, that it is a peculiar sense, and, according to 
Sir Charles Bell’s theoiy, is therefore ministered to by peculiar 
nerves. 

It is true, as he observes, [that those nerves, in almost all 
cases, become intimately connected with the nerves of common 
sensibility returning from the skin, so as to render their anato- 
mical separation difficult or even imjK>ssible ; and this has 
been, doubtless, one reason why the sense of pain and the 
sense of muscular action, though evidently so distinct, have 
for such a long time been united under the common name of 
touch or sensibility. Dr. Bostock proposes very nearly the 
same distinction, confining the term touch to the sense of rof- 
CBtauce,” and treating the sensations of heat and cold, of 
hunger and thirst, &c., as specifically distinct. M. Magendie 
uses the two distinct terms of tact and which cliiefly 
differ in this, that in exercising the former, the animal is pas- 
sive, but in exercising the latter, active. Thus, if while we 
are looking another way, any object should be brought into 
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contact with toy part of our body, we are sensible that such 
contact has taken place, and we have notions rather general 
and indistinct of a few of the qualities, such as the tempera- 
ture and hardness, of the body 5 this is tact* But if we see a 
body, and wish to inform ourselves respecting its weight, 
figure, consistence, &c^ we stretch out the hand, feel it, exa^ 
mine it all round, or attempt to raise it up ; this he colls «oacA* 
The fonner tiien is involuntary, the latter voluntary ; — ^the 
former is dliFiised over the entire sur&ce, and even seems to be 
possessed by almost every organ ; the latter is chiefly exercised 
by a peculiar and appropriate organ, as the hand in man, the 
tentacula in difierent animals, &c. ; finally, the latter may not 
inappropriately bo considered as the perfection of the former, 
with certain additions, for touch includes tact^ but superadds 
the knowledge of muscular contractions directed by the wDL 
M. Adeloa proposes a division, which may appear still more 
philosophical. Ho considers, that all the senses have two kinds 
of functions ; one immediate or primary, the other auxiliaiy : 
thus, the eye judges of light, the ear of sound ; those are their 
primary or immediate functions, and in the performance of 
these, the ear receives no assistance from any other organ; But 
both the eye and ear can assist the touch in judging of dis- 
tance ; and this is said to be in all these organs m mmLUufy 
function. Now the primary function of the sense of touch, 
M. Adelon conceives to be the judging of temperature. It is 
certain, that by the touch (M. Magendie's division tact), we do 
judge of temperature, and that no other sense would enable us 
to do so. We might hear and see, and taste and smell, as we 
do now, hut without touch, we should never be aware of the 
existence of heat and cold. Furthermore, the sense of touch 
is always exercised in performing tliis function as we are 
always sensible of the temperature of the surrounding ftoio- 
sphere, and in this field the sense of touch acquires its greatest 
extent, as it not only enables us to judge of solids and Hquids, 
but even of gases, wliich arc usually described as impalpable, 
that is, imperceptible by the touch. We may, tlierefore, con- 
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eludes M. Adelon, admit this to be the true ^aimary iumatiou 
of this sense, while the others, such as judging of form, 
weighty size^ mobility, distance, &c^ are its secondary or ausl- 
liaiy functions, those in which it asmsts or, is assisted by the 
otlier senses* 

The object of the senses being to make us acquainted with 
the qualities of foreign bodies, it therefore became necessary, 
as a primary condition, that their oigans should be placed in 
the sur&ce of our bodies ; an internal organ could not maintain 
an external communication, save through the medium of 
others. A iiirther condition we may also notice to have been 
adhered to, in their structure ; — they must consist of two parts, 
the one situated more deeply, consisting of the expansion of a 
nerve, in direct communicaition witli the hi^in, and consti- 
tuting, as it were, the more immediately vital part of the 
organ ; the other external, placed on the su^fk^e, meant tp con- 
centrate or modify the external impression in such a way as to 
adapt it to the peculiar sensibility of the first part, and itself 
constructed generally more in accordance with the laws of me- 
chanics, and capable of being imitated or explained on their 
principles. The most beautiful examples of this, we shall 
presently havo occasion to notice in the eye and the ear, which 
are severally the expansion of tlie optic and auditory nerve be- 
hind a telescope in the one case, an eor-trumpct in the other ; 
hut it will be found equally applicable to the organ of touch, 
which we must now proceed to consider. 

The whole skin is, in man, an organ of touch. It consbts 
essentially of two distinct l^ers, the dermis or true skin which 
is intermd, and the epidermis or scarf-skin, which is external. 
The former, which constitutes the immediate and proper en- 
velope of the body, is fonned of ^ne, pliant, flexible and ex- 
t^aible lamins, closely matted together and perforated by 
innumerable exholant and absorbent vessels, for the purpose of 
canyj^g on the perspiration and absorption which take place 
from the surfiu^ as well as by the sentient extremities of the 
nerves, which a microscopic inspection shows rising through it 
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In minute papillae defined to exercise the sense of tvliich 
are now speaking. These, therefore, constitute the interoal 
part of the organ ; but were they directly brought into con- 
tact with the objects of which they are to judge, they would, 
Irom their extreme sensibility, give us scarce any other per- 
ception than that of pain, which we know to arise when any 
sensation is carried to excess. To^vent this, therefore, the 
external part of the organ of touch is added, viz., the scarf- 
skin, which is a fine transparent flexible envelope, placed over 
the entire body, completely insensible itself, and sufficiently 
blunting the sensibility of the nerves of touch by interposing 
its thin membranous substance between them and the bodies 
which they are to examine. It Is this scarf-skin which is re- 
moved by the ^plication of a blister, and we well know what 
pain , then results from the simple exposure to atmospheric air 
of the unprotected ends of the nerves. 

The uses, then, of the two parts of this organ, are perfectly 
distinct, and they have this peculiarity, that the external is 
used to diminish the force of the imx:>ression before it reaches 
the internal, while in the eye and ear the object seems to be 
to concentrate and increase. Some philosophen^ have started 
the idea, tliat the touch is to be looked on not only as the most 
generally diffused sense, which we know it to be, but as the 
common sense, the parent sense, that of which all otlier senses 
are but modifications; and certain speculative physiologists 
have transferred the idea from the sense to its organ, and 
assert, that all other organs are merely modifications of the 
skin, which, as we have shown, is the general organ of 
touch. As long as we confine our view to the organs of smell 
and taste, there appears even much plausibility in this opinion, 
as we have already shown, that the mucous membrane, which 
lines the cavities of the mouth and nose, and so constitutes the 
external part of these organs, may fairly' be looked on as a con- 
tinuation of the skin endowed with new jrroperties siirted to 
its new situation ; but when we come to consider the eye and 
ear, the theory becomes altogether untenable; there is no port 
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of the skin with which they hear any such analogy aa to 
entitle us to consider them as modifications of and the 
fenders of the doctrine can here inFent no explanation more 
feasible thmi that which arises from considering these organa 
respectively as the perfect developement of the bulb of a ha/irl 
Besides being an organ of touch, the akin is also meant to 
be an organ of protection: the conditions necessary for each of 
these ends are ao inconsistent, that the one can only be per- 
fected at the expense of the other; and as delicate sensibility 
is evidently more important to man than to other animals, 
while these latter, being deprived of the resources afforded by 
reason, are more dependent on their structure for defence 
against external injury, and so stand more in need of shelter, 
we accordingly find tliat the skin is best adapted in man to 
answer the former purpose, and in the lower animals the latter. 
It is frirther adapted for this, by the addition of fiir, bristles, 
hair, feathers, crust, shell, &c., all of which must evidently 
diminish its utility as a delicate organ of tact. When the 
latter condition, however, becomes again requisite, means are 
taken to ensure its presence, and the wide membranous wings 
of the bat, thickly supplied with nerves, are so extremely sen- 
sitive, as to enable it by this means alone, even when its eyes 
are put out, to avoid numerous obstacles placed in its way. 
But the perfection of this sense seems to bo situated in the 
human hand, than which there is no organ more beautifully 
adapted for its exercise. Situated at the extremity of a long 
ffexible leyer, it can be easily applied and moved in all direc- 
tions round the object to be oxamined; composed of seveial 
small bones (so many as twenty-seven), it obtains from their 
motions on each other, a sufficient degree of flexibility, which 
becomes much increased towards the end, where the division 
into separate fingers takes place ; supplied with nerves nume- 
rous and highly sensitive, supported, particularly towards the 
ends of the fingers, by a soft pulpy cushion, which enables 
them to be applied with the greatest accuracy and effect, while 
they are stimulated and excited to the act by the rush of blood 
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to tlio fine vascular tissue in which they axe imbedded, the 
hand concenftstes in itself eveiy necessary qualification for 
exercising this smise in its greatest perfection, and must en^le 
us to obtain perceptions far excelling in aocuracy and clearness 
any that can be obtained through such oigans as the lips, the 
paw, the tail, the tentacula, the antennae, or the barbels by the 
lower animals. 

From Touch we pass by an easy transition to Taste, which, 
in feet, is by many considered merely a modification ,of the 
former sense; nor does the idea seem to be without sufficient 
grounds of support. As it was necessary that some sense 
should be bestowed on the exterior surface of our bodies, to 
give warning of the approach of any injurious or noxious sub- 
stance, so would it appear advisable that the access to our 
internal, or alimentary surface, should, in like manner, be 
guarded by its peculiar sense, the office of which should be to 
examine all matters which were to come in contact with it; 
and refuse to admit them, if their sensible qualities appeared 
to denote that such contact would prove deleterious. Now 
this office is performed by the sense of taste, which is thus to | 
our internal suriace what touch is to our external surface-^ ' 
guard to warn it against such contact as, if prolonged, might 
be productive of injury. This imalogy is further borne out by 
examining the anatomical structure of the tongue, the prin- 
cipal scat of this sensation. The tongue, like many other ports 
of the frame, has more than one function to perform; and a 
consideration of the nature of tliese functions will, in general^ 
be found the best guide to the structure of the part. Thus, in 
the present instance, the tongue is required both to aid in the 
formation of speech, and to constitute the principal organ of 
taste; for the former purpose it must be extremely mobile, 
and therefore furnished with abundance of muscles; for the 
latter, extremely sensitive, and therefore profusely supplied 
with nerves : both these conditions are complied with. Fur- 
thermore, as these nerves are to constitute an org^n of sense, it 
will be necessary, as we before stated, that they should be dia- 
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tributed on the sorfiEtce; we may th^fom conclude that the 
muscles must occupy the lower and inner paarts 4i the tonguci 
and the nerves the upper and superficial— this, too, is the case. 
But we can advance another step : the object of this sense is 
the sapid qualities of bodies ; but these can only be appreciated 
when in a state of liquefaction or solution, — if a perfectly dry 
body be applied to a perfectly dry tongue, there is only a sense 
of touchy not of taste^ — ^therefore, we may conclude, that the 
sentient extremities of nerves which are to judge of the taste 
of bodies will be covered by a fine moist membrane, and placed 
in such a situation that provision for constantly maintaining 
this moisture shall be made ; and a moment’s consideration of 
the mouth and tongue, with their mucous and salivary glands, 
will show how beautifully and successfully every one of these 
conditions lias been complied with, and how admirably the 
organ is adapted for the performance of its important duties. 

The tongue derives its nerves from no less than three 
sources; and this, again, is a necessary consequence of the 
complexity of its functions. The sense of taste seems to 
depend on the branch which it derives from tlie fifth pafr, and 
as other branches of this same pmr are those which supply the 
general surface of the face with its sense of touch, we find here 
another and very strong point of connexion betw^een these two 
senses. It has been doubted whether the fact be as we have 
stated, respecting the sense of ti^, which many physiologists 
were inclined to attribute to a peculiar nerve (the ninth), 
rather than allow it to be a property of a branch of the nerve of 
common sensibility ; but M , Magendie’s observations seem to 
us quite decisive on vliis point ; when the trunk of the fifth 
pair was diseased or cut, all sense of taste was lost ; ‘‘ Every- 
thing I ate,” said a patient of his, labouring under this affection, 
seemed to mo to be earth, — I felt os though I were eating 
earth.” 

For motion, the tongue is supplied with the ninth pair of 
nerves, and qpmparative anatomy indicates this to be their ap- 
propriate office, as in fishes, in which the tongue no longer 
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mdvei but is bound to the floor of the mouth, it no 
longer receifos this pair of nerves. But there is a motion 
perfectly distinct from that required for speech, and which it is 
not/less essential the tqpsgue should possess ; this is the motion 
of the ton^e necessary to assist in : sallowing, and to stimulate 
it to this peculiar action, it is supplied with branches from the 
glo^m>^hwryngml nerve % the remaining branches of which are 
distributed along tl^e pharynx and gullet. By this a most 
important end is answered, for as noon as the morsel, after 
being chewed, is transmitted to the back of the tongue, all these 
parts are at once called into harmonious action, and the safe 
transmission of the morsel from the mouth to the stomach Is 
ensured. 

The contrivance, by which as much as possible of the 
sentient extremities of the nerve is exposed to the sapid body, 
is simple and obvious. The surface of the tongue is not smooth, 
but roughened by numerous papillcB, in which the nerves ter- 
minate, and whicli rises above the general level. By this 
means the sapid body, when dissolved in tJie saliva, is applied 
not only to the end, but all round the extremity of the nerve, 
60 that this latter may bo said to be literally soaked in the sub'- 
stance which it is intended to examine. 

Attempts have been mode to ascertain to what peculiar 
constitution or formation it is owing, that bodies possess dif- 
ferent tastes. Bellini and the mechanical school endeavoured 
to explain it by tlie fonn of the atoms, or molecules, of which 
the body was composed ; thus they supposed that if |hese^ere 
round, the body would be sweet; if angular, that the body 
would have a sharp pungent taste. This mode of accounting 
for sensations, by referring them tp^physical properties, which a 
moment's reflection will show they resemble only in ncme, and 
that in consequence of the imperfection of language, is now 
justly and universally abandoned. With some more show of 
reason, others were inclined to attribute the sapidity of bodies 

* Oto*s(hphairpnge<a, mipplyliiff the tongno and phaxTiijt; Brom yAovvorj the 
tongue ; and the pharyiiXy or top of the gullet. > 
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to their chemical*^ composition ; but this was only shifting the 
difficulty, they Were never able to agree amongst them- 
selves to which of the elements of bodies they should suppose 
sapid principle to be attached. Macquer defined sapidity 
to be the tendency which a body has to combine with the 
tongue; and Magendie having observed that vinegar, the 
mineral acids, and certain salts, produce an effect on the epi- 
dermis, or investing membrane of the tongue, changing it to 
yellow, white, &c., seems inclined to adopt the same opinion : 
"perhaps,” he says, this sort of combination may be attri- 
buted the different kinds of impressions made by sapid bodies, 
as well as the variable duration of those impressions.” We con- 
fess we have no conception of this combination between organ- 
ized and unorganized bodies ; we can see how the latter, as in 
the case of caustics, may destroy the former, but that a little 
Int of our tongue becomes united with everything we taste, 
which is the doctrine of combination put into plain English, 
^ems to us so extremely impro])able, and, at the same time, 
affords so little information as to how taste takes place, that we 
must decline receiving it until some hettter proof be offered. 
For our parts, we frankly confess we do not know v’hy one 
body has taste and another not ; we look on sapidity to be a 
quality inherent in some bodies and not in others ; but of the 
reason for this difference we are completely ignorant, nor could 
any one deteimine d priori, rosperting a new body which was 
presented to him, whether it should have taste or not*. 

We have now considered two of the senses, which wc have 
found occupied chiefly with the qualities of matter existing in 
masses of appi’eciable bulk. Tlius fbe touch is principally 
occupied with solid hoaic% of which it estimates the weight, 

[* “ Swootnessand bittemoss, like acidity, seems to depend upon no particular 
principle, but to be regulated by the state of combination in which the same 
principles exist at different times." Su John Hergchet^A* the state of combi- 
nation in which these principles do exist Is being daily more and referred to 
olectrle action, it is posedhlc that their cfioc*t upon our senses may, in time, hO 
also referred to the ^tamo cause. Wlion the positive wire of a galvanic pile is 
applied to the tip of the tonguo, and tho negative wire touches some other part of 
it, aa<acld toate is caused ; whim the piles are revoraod, tho taste becomes al]Ealixie>J 



OKOAIIS OF SfiNSF. 06?^ 

fonn, coijtesion^ and other properties whiclf molecules possess 
when united in the block : the taste requiring thdr ^iqnefa^Uon 
may be said to judge of them just at the moment when about 
to be separated ; while a third sense, the smsU, to Which we 
now proceed, appreciates only certain odorotis molecules after 
they are entirely separated from the mass, and oonveyed, as it 
were, in a gaseous solution, to strike on the delicate lining 
membrane of the nqse^ which being £d>undantly supplied, with 
nerves, is thus prepared for taking cognizance of th^ qualitiee. 
Thus, theso three senses are affected by actual oontact of the 
body, or parts of the body, which they examine, ^and, theie^ 
fore, present still another point of view, in which they may be 
looked on as touch and its modifications. In the two remedning 
senses, hearing and sights no such contact takes place ; in the 
first of them, it is universally admitted, that no part of the 
vibrating body need be in any way brought in contact with the 
ear, in order to the producing of sound, the vibratory motion 
communicated to the air being sufficient for this puipose ; and, 
in the second, the theory that luminous pafticles, or molecules^ 
are shot from the viable body and impinge against the eye, is 
frst falling into disrepute ; and the undulatory theoiy, supported 
by Herschel, Brewster, Lardner, and most of the mathe* 
matical school, is now generally adopted in its stead. Thus, if 
we view the senses in tlie following order, touch, taste, smeH, 
sight, and hearing, we find tlrein becoming, as it were, less 
material, less occupied with tie grosser particles of bodies, and 
the same order will nearly represent the extent to which these 
senses are found diffused through the scale of animal beings, all 
posessing the first, and, perhaps, we may add, the second, while 
the third, fourth, and fifth, are frequently imperfect or 
deficient, more particularly in the invertebrate tribes. 

The smell is connected by so many links with the taste, 
that the description of the one naturally follows that of the 
other. Both primarily destined to inform us respecting the 
nature and qualities of our food, they are both situated at the 
entrance of the aliznentaiy canal, and it would even appear as 
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though the one ‘was only a more reiined exencise of the other: 
tasto in&rniing us of the qualities of bodies when dissolved in 
a liquid^ stj^eU when in a gaseous or volatile form. Even 
this distinction does not appear always to exist, at least if we 
allow the lactdty of ^smelling to fishes^ as they must receive 
the odorous particles tlirough the medium of water, not of 
air. The immediate seat of this sense is generally known to 
be in the first or oijhctofy pair of neires^ spread out in the 
nose beliind a very fine membrane, termed pituitary, or from 
its discoverer Schneiderian; and we thus perceive that this, as 
■well ns the other organs of sense, pl*esents the two parts which 
we have described, as necessary to their perfection ; the in- 
terior or vital, which serves for the actual exercise of the sense, 
and the external or mechanical, which is useful for the con- 
centration or modification of the impression. ‘‘ The olfactory 
apparatus,” says Magendie, ought to he represented as a sort 
of sieve, placed in the passage of the air hs it is introduced into 
Ihechcfet, and intended to stop every foreign body that may he 
mixed with the air, especially odours.” To enable it the 
more perfectly to do that, it is lined with a membrane of ex- 
treme fineness, yet still hut a reflection of the external skin, 
endowed with the power of constantly secreting a viscid matter, 
familiarly known as the mucus of the nose. By this means 
tWo objects mge gained ; the odorous particles are, as it were, 
arrested their passage, and kept for some time in contact 
w-ith the pituitary membrane, and this latter is itself preserved 
moist and pliant, necessary conditions (os in the case of the 
tongue, we have already shown) to enable the nerve to per- 
form its proper function. The inside of the nose is not one 
smooth uniform passage, hut is divided, in the first place, into 
three principal passages, termed th^ superior, middle, and in- 
ferior fneatns, by certain extremely slender bones, which pro- 
ject from its sides, fold downWe^ds in somewhat of a rounded 
form, and are invested by the lining membrane, of which we 
have already spoken, and which thus acquires on increased 
extent of surfi^. This will be best understood from a re** 
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ference to the subjoined cut, which is intended to tepxesent 
the nose, divided by a vertical pection, and all the rij^t part 
removed, eo as to admit a iree inspection of the interior’bf the 
left nostril. 



At B, and C; inferior, middlo» and buporior Hoatns. 

]. FirHt, or Olf^toiiy Norroa. 

5. FlfUi {udr of Korves, or Nerves of oommon Senstbility. , 

But there is a stifi further complexity ; for tli©' air passes 
from the two superior meatus into certain cavities, whi^ii exl^ 
in different bones of the head, (chiefly tlio* frontal, icthmoidal, 
and superior maxillary,) and are lined with a continuation of this 
same mucous or pituitary membrane. It docs not, however, ap- 
pear tliat any branches of tlie first jjair, or true olfactory nerves, 
can be tinced into them, and accordingly M. Richerand found 
that, in a patient in whom accident had form^ ^an ppeniilg 
into these cells, highly perfumed injections couhjf* be intro* 
duced into them without producing any senAe of smell, pro^ 
vided the return into the upper part of the nostril were pre* 
vented. M. Descliamps made a similar, and, we think, more 
satisfactory experiment, by introducing ozV, strongly impreg^ 
nated with tlie vapour of camphor, into these cavities, as he 
here used what we have before shown to be the appropmte 
medium for bringing particles in contact with this sense ; and 
we may oven be permitted to doubt whether a man, if bis 
nostrils were stopped behind, and completely filled with rose* 
water, would have any perception of the scent : divers, <we 
know, can employ their eyes very freely under water, but we 
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! jysveT heard of their using their noses. The result^ however, 
^ of M. Deschamps* experiment, was the same as M. Bioherand’s; 
and from these and other obeervations, it seems well aaoer^ 
tained, that tlie first pair of nerves is that which peculiarly 
ministers to this sense; and as a reference to our plate will 
show that this nerve is almost entirely distributed upon the 
pituitary membrane of the superior meatusy it must be there 
chieiiy that olfaction takes place; consequently, when people 
wish to increase the power of smell, we observe them close ilie 
' mouth, cause all the air they inhale to enter through the 
nostrils, and furthermore, by nanowing the passage through 
these, increase the force with which the air is made to impinge 
against their lining membrane, while at the same time they 
give it on upward direction, so as to cause it to reach the part 
more peculiarly destined to appreciate its odorous contents. 
The same may ho also noticed in p^rs^s taking snuff, who 
always endeavour to draw it up as fu* as possible. It is in 
performing this and similar ofiices that the external nose, 
which is itself insensible to Bcenti^ contributes to tlie perfect 
exemse of the fsKnilty. Persons who have lost tliis organ, 
smell very imperfectly, or not at all; and M. Bccloid has 
established the interesting fact, that such persons are veiy 
much assisted by the use of an artificial nose, or bimplo funnel- 
shaped tube, which may serve as a conductor. It seems not a 
little strange that, with the knowledge of such a fact before 
him, M. Mageudie should suggest any doubt os to the uses of 
this part in smelling. 

But, in addition to the power of distinguisliing smells, the 
pituitary membrane is <j1so endowed witli a sufficiently acute 
share of common sensibility; for the purpose of bestowing 
which, we observe it is supplied vnth some branches from the 
fifth, which we have already said is the nerve of common 
sensibility for the entire head. The nse of tliis provision is 
extremely obvious, as it at once infonns us of the presence of 
any initatlng matter on the surface of the membrane, and 
warns us of the necessity of attempting its removal. Some per- 
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fions have thought that this office might hare been' perfoxtned 
by the olfactory nerve, but this evidently could only be the 
case, when the offending substance was odorous; and Magendie 
has shown that when the fifth pair was cut through, oven 
the strongest stimulants might be applied to the membrane^ 
without producing any sense of uneasiness. Indeed, he even 
goes so far as to say that, with the division of the fifth pair, 
the sense of smell completely ceases, while the efiect is not so 
complete if, the fifth pair remaining, the ol&ctoiy nerves are 
destroyed; whence he infers that the former are absolutely 
necessary to enable the latter to perform their function. *We 
are inclined, however, to think that here he went a little too 
far, in his anxiety to prove the fifth the nerve of all the senses; 
he seemed to assume, that because an animal sneezed, therefore 
it smelled, whit'h is evidently a false assumption, as tickling 
with a feather will ^produce the former without the latter 
effect; and, furthermore, that because an animal did not 
sneeze, or mthdraw its head from strong vapours, such as am- 
monia or acetic acid, therefore it did not Ismcll ; a conclusion 
equally unfounded, as its withdrawing its head would be the 
result of pain, and pain would appear to follow the undue ex- 
citement, not of the olfactory nerves, but of the nerves of com- 
mon sen^^ibllity. Doctor Breschet relates a very interesting 
case of a person who had inherited from his father a great 
obtuseiiess or almost total deficiency of the sense of smell. 
He \\’as perfectly incapable of distinguishing a rose from the 
carrion-flower {^pelia hirmta) if liis eyes were shut; he felt 
no inconvenience from the most fetid gases, until their entrance 
into his lungs produced irritating effects there ; to the scent of 
snuff lie was, of course, perfectly insensible, yet he took it, 
was capable, by its effect on his pituitary membrane^ of dis- 
cerning between coarse and fine, and even sneezed very readily, 
if the snuff happened to to be fresher or more pungent than 
usual. In this case, a more perfect analysis was made tlian 
could be effected by any of M. Magendie’s experiments on 
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living animalsi the functions of the fifth pair were peifect^ of 
the first almost obliterated. 

The two remaining senses, sight and hearing^ have been so 
frequently made the subject of popular disquisition, while 
optics and acoustics have become so much a portion of general, 
rather than physiological, science, that we may treat them 
with more conciseness than their importance would otherwise 
have required; our object being, not to trench on subjects 
already familiar to the general reader, but to endeavour to in- 
troduce to liis notice those parts of physiological science, with 
which, from the nature of the works in wlxich they appeared, 
or the language in which they were enveloped, he bos hitherto 
had little opportunity or inducement to become acquainted. It 
is necessary, however, that we should briefly allude to a few 
of tlie principal characteristics of light, for the purpose of 
showing more clearly the perfect adaptation of the mechanical 
part of the organ of sight to the laws by which it is governed. 

Light comes to us from the sun, and other luminous bodies : 
it has the properties of always moving in straight lines, where 
tliere is no obstacle ; of being reflected, and so making bodies 
visible ; of being refracted in passing through certain media ; 
and of being decomposed by means of a prism, so as to show 
tliat, though in its ordinary state colourless, it is yet the cause 

of every varying shade and 
tint in the countless objects 
by which we are surrounded. 
Of tlicse projicrties, refrac- 
tion is tlic most important, 
as on it the whole mechanism 
of vision may be in a manner 
said to depend. It only takes 
place in transparent bodies, 
tliat is, such bodies as pennit 
the rays of light to pass 
through them, and even 
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these fail to refract, if the ray come in a direction perpen- 
dicular to their sur&ce. Suppose, for instance, that ah 
were a piece of glass, or any other transparent substance, 
hanng a densily greater than atmospheric air : a ray of light, 
jp, falling on it in a perp^dicular direction, will traverse 
it to p\ in a perfectly straight line, and without suflFering the 
least deflection in its course. But, should the ray come in a 
slanting or oblique direction, as from j, it will no longer con- 
tinue in the direct line a s\ but will, as soon as it meets the 
surface at *, be refracted^ that is bent from its own proper 
course, and made to assume a direction, i e, nearer the peiq>en- 
dicular jp p\ than its own proper direction, i s. In this direc- 
tion it wiU traverse the body of the glass, but, on leaving it, at 
at the point e, w^ill, a second time, be refracted ; this time, 
how'ever, it will be bent away from the perpendicular, exactly 
as much as it was before bent towards it, so that when the 
glass has its opposite sides parallel, the continued course of 
this ray, e a, after having passed through the glass, and again 
emerged into air, will be exactly parallel w ith its former lino 
of direction, and will just have the same effect as if the ray 
had been moved a little to one side, or would appear to a speo 
tator at ar, as if it had originated, not at Sy but at s. Now the 
angle, s i jp, which the slanting ray makes, with a perpendicu- 
lar drawn to the point 2 , at which it meets the surface of the 
glass, is termed the angle of incidence ; and the angle e i p\ 
which the broken ray makes, wdth the same perpendicular 
continued, is the angle of refraction ; and it has been ascer- 
tained that the proportion which the sines of these angles bear 
to each other, is always the same when the refraction is made 
by a body of the same nature. Thus, when the rsfraction 
takes place from air into water, the angle of incidence is inva-’ 
riably about one-third greater than the angle of refraction ; if, 
therefore, the refractive power of atmospheric air be taken as 
unity, or 1, that of water will be represented by 1^. Esti- 
mating in the same maimer, that of common glass will be li, 
and that of diamond 
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These laws are InToriahle, but we may alter some of 
conditions of the experiment, and consider how this will affect 
the ray. Suppose, then, that in place of the parallelogram 
'a body we idlow the ray s to fall on one side of the triangular 
^ , glass prism r, it will, by 

y the law laid down, be re- 
N. fracted into the line o c, 

w approaching o /?, the per- 

pendicular to the surface 
n r. Arrived at c, it will 
\/ be ag^ refracted, but as it 

is now passing from glass to 
the refraction will be away from the perpendicular c py so 
that we shall have nothing like the parallelism which, in the 
former case, existed between the incident and refmcted ray, 
but s 0 will have assumed the doubly bent direction s oc s\ 
This, at least, would be the case, were a ray of liglit perfectly 
ample, but this very experiment has served to demonstrate its 
compound nature, and, at the same time, let us into the secret 
of the origin of colours. For the several parts of which it is 
composed have not the same capability of suffering flexure, 
they would, therefore, arrange themselves on a screen, or wall, 
^ according to this capability ; and 

we all know that a ray of solar 
Sy is broken by a prism 
into several distinct rays, form- 
\ / ing what is usually tenned the 

Boki/r spectrumy in which the red 
ray, r, as being the least re- 
frangible, is always found at the bottom, and the violet ray, Vy 
as being most refrangibie, at the top. 

If we now proceed to consider, not a angle ray, but a pencil 
of rays, that is, any number of rays diverging fiom one point, 
such a pencil would have its divergence in some measure 
checked by such a parallelogram as we flrst represented. For 
let a be the object from which the central ray, a py is directly 
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perpendicular to « 2 , the surfece of the refracting body, while 
its lateral rays meet it with 
an obliquity constantly in- 
creasing, and ai*e, therefore, 
more powerfully refracted in 
proportion as theirdiveigence is 
greater. This refraction, how- 
ever, is merely sufficient topre- 
ir€®t or diminish diveigence; 
it cannot produce cotivergenccy that is, make them all tend again 
to one central point. This, however, may be managed, for 
though you cannot alter the direction of the rays, you can 
alter the direction of the surface on which they Bill, and, as it 
is with reference to the perpendicular erected on this surface 
that they are bent, you can, consequently, by increasing the 
obliquity, increase this bend- 
ing. Thus, if a; sf, in place of 
being a plane surface, is bent 
away from the object <7, so as 
to form as many distinct faces 
as there are rays, it is evident 
the obliquity witli which 
these rays meet it is thereby 
very much increased, and so 
also will be the force vnih 
which they are refracted, insomuch, that they will be com- 
pletely bent in, so as again to meet the continuation of the 
perpendicular, a p, in some part of its course. Now, as the 
object, <r, was originally seen only by the rays reflected from 
it and entering the eye, it is evident that, if we could JOake all 
these rays, after leaving it, once more conveige at a common 
point, an image of the object would be formed at that point, 
which should be visible if received on a screen or other body 
inteiposed for the purpose. But experience shows that thia 
may be done by a lens, that is, a refiracting body, tlie^ surface of 
which constitutes part of a sphere, and which, therefore, may 
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i>e considered as merely a >polygonal figure like the above, 

Oept that the mdes have become infinitely small mid numerous. 
If, then, a pencil of rays fall on such a surface, the central ray 
will pass in ma unchanged direction (the line drawn through 
the centre of a circle being always perpendicular to itssurfiice), 
but all the rays on each side will be bent towards this perpen-» 
dieular, and that in such proportions that they rfiall all ulti- 
mately meet it precisely at the same point. This point is 
termed the focm, and it will be more or less remote, according 
to the nature and form of the lens, and the direction in which 
the rays meet its surface. 
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We here see, in / a section of the form of lens most com- 
monly used, and tenned the double convex; we also see how all 
the rays from any point, «, of which the central ray is per- 
pendicular to the surface of the lens, are made to converge at 
the point a , and those from x at tlie point « , so that these 
points would be accurately represented. If, tlxerefoic, these 
points existed in the surface of any extended body, a represen- 
tation not only of them, but of all other points in the same 
surface, would be found at’^he other side of the lens, in the 
^lace we have indicated as the focus, that is, a picture of the 



body would be formed at this situation. Thus, if in* the only 
aperture leading Into a darkened room, you insert a lens, 1 01, 
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the pencil of rays from each point of an object placed without, 
such as an arrow, will, in their passage through the lens, be 
made to converge, so as to meet their central ray at the focal 
distance; here, therefore, an image of the object will be 
formed, but uniformly inverted, as we see above. This is the 
whole principle of the camera obscura; it is also the principle 
of the refractive parts of the eye, to the consideration of which 
we may now proceed. 

The eye, like all other organs, is composed of an internal 
vital part, the optic nerve, and an external mechanical part, 
the general globe of the eye, or eye-ball, which is so constructed 
as to be suited for maintaining a communication with external 
objects. The anatomical situation of these parts is very easily 
learned, and will be^readily understood from the accompanpng 
cut, which is supposed to represent a vertical ^fection of the eye. 
Here we notice, in the first place, the general case, or investment 
of the eye, which is made by a thick opaque strong membrane, 
evidently intended to protect the delicate parts within, as well 
as to afford attachment to the muscles by which the organ is 
moved. This coat, s s, is termed the sclerotic^ from its hard- 
ness*, and, being imperviable to light, it places the chamber of 
the eye just in the situation of the room we mentioned above. 
Fo^ this sclerotic is not 
continued all round, hut 
has an aperture cut in the 
front, from c to c, in which 
aperture is inserted the 
corneay that beautiful lus- 
trous transparent part in 
front of the eye, which 
serves to admit light into 
the darkened chamber, and 
through which alone all the rays coming from external objects 
can find admission. JBut were this aperture entirely open, too 
many pencils of rays would enter the chamber, and so interfere 
yfith one another that no distinct picture could be formed, as 

♦ From bard. 
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we know would ^fito be the (»ee in the dark^oed toom, if in 
]^ace of a small aperture tbe ^tire window were thrown open. 
To remedy this in the room, the shutters are closed, and a 
fnnall hole made in them ; in the eye an exactly similar provi- 
^n occurs, a screen, 1 1, termed the iris, is hung across, and a 
small aperture, f, named the pupil, left in the centre. Still 
apparatus is not complete : it is true that, under such dr* 
cumstances, a picture of an external object would be formed 
both in the room and the ; but we Imve already shown 
that the pencils of rays from each point uniformly diverge; 
we therefore place a glass lens in the aperture of the window- 
shutter, because reason and experience both evince its utility, 
and we find that a lens, l, supefrior to any glass lens, lias been 
placed just behind the pupil of our eye, so admirably arranged 
by a gradual diminution of its refractive power towards tho 
edges, that even the ray which reaches it most obliquely, is 
just so fiir refracted as to ensure its coming to the same focus 
with those nearest the perpendicular. 

So far the resemblance is very striking, but here it ceases. 
In both cases a picture is formed by the refraction of the rays 
of light coming from the external object ; but in the room, the 
picture falls on a screen or a wall, and there is no result ; in 
the eye it falls on a living sentient screen, and vision is imme- 
diately produced. This screen is the reHnOy wliicli we have 
indicated by a fine dotted line within the sclerotic, and which 
is nothing more than the sentient extremity of x, the optic 
nerve, which we see behind, coming from the brain, and which 
here expands into a membrane, beautifully fine and almost 
transparent. This last property would have the effect of again 
permitting the rays of light to disperse, after they had been 
collected at a focus, were it not lor the char(Mdy the third coat 
erf the eye, which we see marked by a fine line inteiposed be- 
tween tile sclerotic and the retina, and which constantly 
secretes a quantity of dark colouring matter, that serves to 
render the retina opaque, and absorb all the light that may 
traverse its substance. It is this dark colouring matter that, 
seen through the aperture of the pupil, always makes that 
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gppear black : Albinoes, that is persons in whom the colouring 
matter is wanting, are said to have red eyes, because' the tint 
given by the numerous blood-vessels of this coat is then evi- 
dent. The same fact is of constant occurrence in white vabbiti^ 
white ferrets (the term ferret-eyed has, in fact, become prO^ 
verbial for the appearance), and other animala in whom thm 
is a dehciency of colouring matter as evinced by the whiteness 
of their hair and skin. The colour of the eye, however, is 
ordinarily estimated by that of the iris, and this, in a great 
measure, depends on the greater or less transparency of its 
texture ; for the colouring matter, of which we have spoken, 
is also spread on its back or inner surhice, and it is cliief y to 
the rejection of this, shining through and variously modified 
according to the more or less refracting structure which it 
traverses, tliat the colour, as seen in front, is owing. The iris 
is supplied with two sets of fibres, the one circular, which 
serve to contract, the other radiating, which serve to dilate, the 
pupil. Whether these fibres are muscular or not, has been 
much disputed ; but os to the power, there is no question. 
Any one may convince himself of it, by^ closing his eyes before 
a looking-glass, and then suddenly opening them, so as to let 
the liglit fall full on them, when he will perceive the pupil 
which had dilated when the eye was shut, now contracting 
with more or less rapidity, according to the intensity of the 
light. And this experiment will also show him the object of 
the contraction, which is to regulate the quantity of light ad- 
mitted into the back of the eye, and which, if too great, would 
injure the retina ; so that the iris has a double function to 
perform ; the one os regards the quantity of light necessary to 
form a distinct image, — ^this is mechanical, and common to it 
with the hole in the shutter; the other, as regards the degree of 
brightness tolerable by the expanded nerve, and this is vital, or, 
at least, under the immediate direction of a vital principle. 

To conclude our anatomical view of the eye, it is merely 
necessary to add that it contains three distinct humours ; 1, 
the aqueous, which is found immediately inside the cornea. 
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occupying all the space between it and the lens, so that the iris 
ttiay be said to hang floating in this humour ; 2, the crystal- 
line humour, which seems scarcely to deserve the name, as it 
is a solid transparent substance, in fact the body of the lens, 
but contained in a capsule ; and 3, the vitreous humour, so 
Called from its likeness to melted glass, and which occupies all 
that large space posterior to the lens, not less than three- 
fourths of the entire eye-ball. These humours are of different 
degrees of density, all, however, greater than that of water, and 
therefore contribute in different degrees to the proper refraction 
and convergence of the rays of light necessary to produce a 
distinct image. The aqueous humour seems also of use in 
producing that bulging out of the cornea, whereby its anterior 
surface is made a segment of a circle, and therefore endowed 
with the properties of a lens. Its quantity in the adult is 
said to amount to about five grains, and, as may be observed in 
our diagram, it is contained in two chambers partially separated 
by the iris, but communicating through the pupil ; the poste- 
rior, which is very narrow, containing only about one-fourth, 
and the anterior three-fourths of the whole. This was best 
shown by M. Petit’s experiment of freezing an eye, and then 
cutting it open, when the plate of ice in the posterior chamber 
was found to be extremely thin. 

This is as much as we can say respecting the refracting part 
of the eye ; but we must add a few words respecting its more 
immediately vital and sentient part, wdiich we have already 
said is formed by the retina or net-Hke^ expansion of the optic 
nerve. This, we may perceive, is spread out immediately 
behind the vitreous humour, and embracing it like a capsule 
so as immediately to receive the rays that have traversed it, 
and by its refracting power been finally brought to a focus. 
As soon as their image is formed on the retina, the brain is 
informed of it through tlie medium of the optic nerve, and 
perception takes place ; if the optic nerve he cut, there is no 
communication with the brain, — ^no perception, — and though 
♦ From reUy a net. 
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refraction takes place^ and the image is formed as perfectly as 
ever, the eye is thoroughly and permanently hlincL There is, 
however, one point of the retina on which light may fall with- 
out producing any perception, and it will, at first, appear 
strange that that point is found to correspond exactly with the 
entrance of the optic nerve. The discovery was made by the 
Abbe Mariotte; and the conclusion which he attempted to 
draw from it was, that the true seat of vision Was not in th^ 
retina and the optic nerve, but in the choroid, which a refer- 
ence to our figure will show to be wanting at this identic^d 
spot. The aigument, however, is invalid, as we know that 
nerves perceive not by their stumps or trunks, but by their 
fine extremities; now, when a picture (as in the case of 
vision,) is to be formed on these extremities, it is necessary 
they should be expanded into a surface to receive the picture ; 
but this expansion does not take place precisely in the optic 
nerve itself, but on each side of the point where it enters^ 
Tlie fact, however, is undoubted, though we have shown that 
M. Mariotte’s conclusion was erroneous *5 it therefore becomes 
necessary to consider how this insentient point is so placed as 
not to interfere with our vision of objects. And, in the first 
place, we perceive that it is taken out of the direct axis of 
vision, — that line in which vision can be most advantageously 
performed, and which is indicated 
by a right line, aXy drawn through 
the centre of the cornea, pupil, 
and lens. This is the line in which 
we attempt to bring all objects that 
wc wish to see distinctly; and it 
is to enable us to do tliis, that the 
eyes are endowed witJi such a 
facility of motion, as were they 
completely fixed in their sockets, 
oblique objects would be seen very 
imperfectly, or not at all, without 
be trouble of turning the entire 




OEGAKS OF SUBE. 


head or body. Still, if the object be somewhat prolonged we 
see that a my from some point of it, as r, must strike on the 
insentient pmt of the eye, while the axis is ^ected &irly 
towards the centre of the object, so that, did the entrance ^ 
the optic nerve, in each eye, receive, at Ihe same moment, the 
rays com^ &om the same point, that point would be invisible, 
and all objects, at a certain distance, would appear to us to 
present a minute black spot at some point of their surface. 
This, however, is guarded against eflFectually, by the circum- 
stance that the entrance of the optic nerve takes place at a 
different side of the axis of vision, in each eye (that is, as seen 
in the cuL to the left of it in right eye, n, to the right of 
it in the left eye, l) ; but the rays coming from any object, 
must always strike the retina of each eye on the same side of 
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the axis ; tlierefore, as seen in the cut, when any object is so 
situated as to be opposite the insentient part of the left eye, it 
is sure to be opposite a sentient part of the right. As this 
insentient part, however, is very small, it more frequently 
happens that every ray, from evei^’ point of an object, strikes 
at the same time on a sentient part of both eyes. In this case, 
two distinct pictures of the object are produced, yet we know 
that we see the object but as one. How is this to be explained ? 
M. Dufour took the easy method of denying that we do see 
the two pictures at once : the mind, he said, only took notice 
of one at a time, though it might change with great rapidity 
from one to the other. This theory is refuted by a fact 
within everybody’s knowledge : if you look with one eye at 
an object, placed between you and any screen or wall, and 
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then with the other eje^ the object appears to occupy difS^ro^ 
positions in the wall. Now open both eyes^ and the object 
will no long^ appear in either of the positions previooBljr 
observed, bu^n a position between them both : it is evident^ 
then, that we are not attending to the impression on eithev 
eye, but to the result of the impressions on both eyes. This 
is plain, but we are sorry to say we cannot give so saiisfiu!- 
toiy mi e?cplanation of why we see but one object : of course 
there has been no lack of theories. One will have it that^ as 
both optic nerves meet before entering the brain, the unity 
is produced at their point of junction : otliers say ^ th# 
^ect depends upon some law. of the constitution, or some 
general principle of vision, which enables us to see the object 
single, independent of any mental impression,” and this opinion 
we have given as we find it, though we are utterly at a loss 
to see how it can be said to explain anything. There is atill 
another theory, which seems that most generally followed* 
viz. : — That single sight is the result of experience, and that, at 
first, infants see everytliing double, until the sight is coopted 
by ,the touch. It is certainly very hard to ofter any proof of 
such an opinion, therefore we do no know that any has beeh 
attempted: persons bom blind, and restored to sight when 
adults, have been questioned as to their sensation, and, though 
it is difficult to obtain anytliing very clear from persons in 
such a situation, it speared tolerably well established that 
they did not see objects double, wliich, so fer as it goes, is 
against the last-mentioned theory. Should a person squint- 
accidentally, as occurs sometimes during an attack of fever, ] 
or commonly when a person gets drunk, and so loses the com- 
mand of the muscles which direct the eyes, vision immediately 
becomes double. We can produce tliis effect in ourselves, by 
fixing our eyes on any object, and then, with the finger, gently 
pressing one eye from above, or towards one side, while the 
other remains fixed: we shall then see the object double. In 
all these cases, an interference with the parallel motions of the 
eye takes place; in consequence of which, the rays no longer 



384 


ORQAKB dOF BBNSB« 


fedl on corresponding points in the retina of each. It eppears^ 
then, that the mind can only notice two impressions together, 
if they bo made on corresponding parts of the n^tient surftu^. 

[If a cube, or any other solid body, be jmced at a idiort 
distance before the eyes, two pictnrfes, perfectly unlike each 
other, will be projected upon the two retime, yet but one 
object will be presented to the mind* The object is seen 
singly, because, in consequei^cc of the simultaneous perception 
of the two dissimilar ^pictures, it is seen inrelirf. To prove 
this, let these two dissimilar pictures of the cube be drawn 
separately : that w-hich is seen by the right eyo, the left being 
closed, and that which is perceived by the left, the right being 
shut. Let these be presented one to each retina, in such a 
manner, that they fill on the same part os the pictures of the 
object itself would, and the mind will perceive tlie object singly, 
etnd in reliefs and no effort of the imagination will induce the 
observer to suppose it to be two pictures on plane surfaces. By 
means of a stereoscope*, which enables the observer to throw 
the artificial pictures upon the same part of the retina as that 
upon which natural projections of the real object would fell, 
marbles, architectural models, flowers, aud any solid gi ome- 
trical forms, may be represented in relief. Taken in eonjuuc- 
tion with the known laws of single vision. Sir David Brewster 
says, that these facts explain all those phenomena of vision 
by which philosophers have so long been perplexed: while 
Sir John Ilerschel considers this discovery one of the most 
cui'ious and beautiful for its simplicity, in the entire range of 
experimental optics.” After the mention of these illustrious 
men, and adding that the discoverer is an Englishman, we 
need scarcely say that hi* name is Professor Wheatstone.] 

In persons who squint habitually therO is not double vision, 
for the habit generally results from an inequality in the power 
of the two eyes : that which was weaker, therefore, is turned 
away not to interfere with the more distinct impressions re> 
csived from the ether, and by degrees the habit is acquired 

I* Dorlved from vrifJOf, solid, and l Wetr.] 



of attending aolely to 'those latter^ so that but one object is 
seen. 

There remains another point to be osplainod: on referenoo 
to the image ^duced by the glass lens^ it will be found to 
be inverted ; the same efieet must be produced by the lens of 
the eye: how then do we see objects erect? One of the latest 
explanations offered of this, has been Sir Charles DeH’s, which, 
as it involves Kttle theory, and appears in mai^y respects con- 
sonant with facts, we shall subjoin. We have already stated 
that he has distinguished fronk general sensibility a perception 
of the state of muscular action or relaxation, which he has, 
with much reason, described as a separate sense. Now the 
eye is directed towards objects by means of four muscles, by 
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which it is surrounded, and which are inserted, as we see, into 
its cardinal points. If we suppose our figure to represent the 
left eye, it is evident tliat it will be directed to an object above 
it, by the superior muscle, ad; to an object below Jt by the 
inferior muscle, ad; to an object on the left by. the muscle, 
A c, which is to the left its €ms, and to .an object on the 
right by a p, which is to the right of its axis, and has its in- 
sertion jnst opposite that of a c. Now, in all these cases, we 
judge, with perfect correctness, of the porition of an object 
with respect to ourselves, though it is evident that the image 
of an object above ns, is painted on the lower part of the 
retina, or of an object on our right, on the left part of the 
retina. It is clear, then, that we do not judge of the positiox^ 
of an object by the position of its image on the retina, but, by 
a knowledge of the mujiKde which is called into action to 
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direct the asds Off vmon towards that <^jeet« Having thus 
shown that it is hy means of this muscTilaT oontraotion that 
we judge of the relative position of one object as regards 
another. Sir Charles Bell it^rs, ae a corollary, that the same 
aense enaldes us to judge of the relative position of the dif- 
ferent parts of the same object, that is, which of them is top 
and which bottom, and that thus we see an object straight, 
the image of which is inverted, just as we see an object to the 
nght, though its image on the retina lies to the left : this we 
believe to be Sir Charles Bell’s meaning*, though, with regard 
to this point, he does not speak so clearly as with respect to 
the first. Neither do we consider the explaaaation equally 
satisfactory: we can very well distinguish the top from 
the bottom of a small object placed bedow us, though the 
some muscular adjustment enables us to take in both at 
once ; consequently we aro deprived of that souse which, 
in the other instance, enabled us to correct the position of the 
image. To us it appears that the whole inquiry is ratht*r pre- 
mature, and that, until we know how the image acts on the 
retina, so as to produce sight, it is useless to inquire how the 
top and bottom of the image act on the retina, that is, why we 
see the object erect, not inverted. 

There is the less necessity that we should enter minutely 
into the structure of the ear, inaamuch os we have by no means 
a clear or satisfiactory knowledge of the mode in which its 
several ports are subservient to tho faculties of hearing. It is 
usually divided into three portions ; 1, the cxtomal ear, which 
serves as a sort of conduit to the sound ; 2, the middle ear, in 
which, it is said, tho sound is in some way modified or pre- 
pared for striking on, — 3, the internal ear, which answers to 
what we have more particularly named the vital part of the 
organ, that in which the nerve is expanded, and in which the 
last corporeal dmnge, necessary to perception, takes place. Of 
each of these we sWl speak hriefiy. Tlxe external ear is con- 
structed for the obYioue*puipose of collecting the rays of sounds 

« a«eM»the*irenwiM Spttm if Su Omim Mp* 
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whicli^ like the raya of light, tu^^brmly diveige from a oetitral 
point, and, like them, may be made to alter their direction, or 
be brought to a focns. It is more usual, howero*, to speak, of 
sound as propagated by undulations than rays, that is, as de^ 
pendent on ccurpusdea, which ribrate or oscillate within a given 
distance, and so communicate their motion to the neyA series of 
particles, but have not themselves an actu^ progressiTe move- 
ment. Sound, however, like light, diffuses itself in right lines, 
and may be reflected by bodies which refuse to transmit it; in 
which case, the position and form of the reflecting surftce pro- 
duce, on its direction, exactly the same effects as on that of 
rays of light. Thus, if two plane surfaces be inclined towards 
each other, like the sides of a cone, and the wide end be now 
turned towards a sounding body, it is evident that a greait 
number of rays entering it will, by reflection, be made to reach 
its apex, and so produce a more forcible impression upon any 
vibrating body placed there, than if it had simply been exposed 
to their effects. Thus let c c be a cone, wbicli lias its point 



cut off, and a vibrating membrane, m, inserted at its lesser ex- 
tremity. Let r / B n' r" r*' be sonorous rays, coming from a 
vibrating body, placed at some distance from the membrane, 
but nearly in the same horizontal line, in which case we m«y 
consider them as being nearly parallel to the axis of the cone. 
It is evident that, were the cone removed, no rays could reach 
fro, but such as lay between k and b' ; but the presence of the 
cone causes all the other rays, r / r" r ", to reach the mem*- 
brone after a certain number of reflections ; consequ^tiy, were 
the membrane connected with a sentient mgan, the hnpresshm 
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made on it would, by these means, be comnderaWy inomased. 
TOiis IS the ptincdple attended to in constructing ecaytrumpets^ 
which we know are always of a funnel shape, and this 
is the principle exemplified in oonstructing the external 
part of the human ear, where, in addition to the conical tube, 
termed mdUory passage^ we find a still further means em* 
plpyed, for concentrating sound, in the broad elastic cartilage, 
hollowed out into different sinuosities or concayities, all inclin- 
ing towards the common opening, which is attached round the 
wide end of the cone. 

Tliis may be seen, in the accompany- 
ing cut, where b is the external cartilage, 
commonly called the external ear, and c 
the cone or auditory passage, through 
which the sound is reflected in ; and it is 
in this passage that the wax of the ear is 
formed, which, with the fine hairs that 
grow round its entrance, seems destined to 
prevent the entrance of minute insects, or 
other offending bodies. At the end of 
this passage, is really placed a membrane 
fcimilar to that which we have above supposed to be placed at 
the summit of our cone, and at this membrane terminates the 
external part of the ear, while the little cavitv beyond it, com- 
monly known by the name of the drum of the ear^ constitutes 
its second or middle portion. And this cavity is, in some 
respects, not unlike a drum : it has at one end the membrane 
we have described, which may be compared to the drum-head, 
and is usually called Tncmhrana tympaniy though in common 
conversation, it is not nntrequently spoken of os being itself 
the drum. But this is incorrect ; the drum is the cavity be- 
yond it, and when people talk about liaving the drum of the 
ear broken, they really mean a rupture of this membrane. The 
other side of the drum has another membrane, and this serves 
to form the partition between the middle and internal ear^ 
which is situated yet deeper. But here occurs a very nice and 
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accurate jpaiot of tesemblance : a drum would ^ve but a.Yoiy 
&int souudyunleeaou aperture were left in its slde^ihrough whic^ 
the vibrations might be communicated &om the air within^ to 
the exterior air, such an aperture, therefore, is constantly left ; 
and in like maimer the side of the drum of the ear is perforated 
by a long tube, called tlie Eustachian ti^be, which coming from 
the upper paii; of the pharynx^ just behind the mouth, affords 
a free passage for air into the cavity of the drum, and so allows 
its membrauos to vibrate, and tlie impression to be tra^^smitted 
to the internal, or properly sentient part. The existence of this 
passage is curiously exemplified in persons who have had the 
membra/na tympani ruptured, os such persona can cause smoke, 
which they have inhaled witli their mouths, to pass out thremgh 
their ears, for which purpose it is only necessary to alio# it to 
reach the back of the throat (without swallowing it), when ft 
will pass through tlie Eustachian tubes into the drum, and 
then out through the ruptured membrane, with as much ease 
as, in ordinary cases, it is passed through the nostiils : a feat 
which almost every habitual smoker is able to perform. The 
dcofiiess accompanying a cold and sore throat is another proof 
of the existence and use of tlicse parts, as it merely arises from 
the iufldiumution stopping up the entrance of the tubei^ and so 
preventing the entrance or exit of air from the drum pf the 
ear, in consequence of which its membranes can no longer 
vibrate to slight noises. The drum of the ear, however, has 
superadded a distinct structure, such as finds no parallol in any 
common drum. This is a fine chain of very minute bonos, 
continued from one of its membrauos to the other, and so 
arranged as to increase in strength the vibrations which they 
transmit inw^ards. 'J'hcse bones are further supplied with very 
minute muscles, by wliich the memhrana tympani can be tight* 
enod or relaxed, so as (it is supposed) to accommodate itself to 
sounds of different degrees of intensity. Finally, the object of 
all this apparatus is to convey the impression to the internal 
car or labyrinthy wliich consists of three parts, the 
coclUea^ and iemi-circular canals^ all hollowed out of the hardest 
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bone in the body, oil completely shut out trom cotnmumcatioi| 
with the extemal air, but containint^ in its place bags or tubes; 
filled with a fine limpid fluid, which is set in motion by the 
sUghtest vibration, and lies in contact with the delicate expan- 
sions of the aoeustic nerve, to which the sense of such vibia- 
tione is thus immediately communicated. It would be useless 
to expatiate on the structure of these parts, as we are perfectly 
ignorant of the mode in which they ore subservient to the 
iaculty of hearing, or whether, a«» is probable, they each per- 
form a separate function. It has been suggested that the ves^ 
tibule^ which appears the simplest part of the internal ear, may 
be for taking notice of simple sound ; that the semi-circular 
canals may serve for the perception of melody, that is, on un- 
accompanied musical strain ; and the cochlea for appreciating 
hannony, that is, the more complicated music of an orchestra : 
this is aU very possible, but we have not the slightest proof 
that it is true. 


Chapter XII. 

OF MAN, AND THE VARIETIES OF TEE HUIMAN 
SPECIES. 

We have thus taken a survey of the principal oigans of which 
the human frame is built up ; we have considered its struc- 
ture, and seen that it is fearfully and wonderfully made ; we 
have examined the various contrivances by which nutriment is 
introduced, purified, distributed, returned w'hen exiiausted, 
and again esyelled ; we have noticed the wonderful aj^poratus 
by which we are rendered capable of acquiring sensations from 
esttemal bodies, and the nervous centre to which these all are 
refinred, and which alone enables us to know and judge of the 
impressions thus produced : it only remains to the completion 
«f our present task, that we should say a few words of man os 
he exists ; and inquire whether the various appearances under 
which he is found in different countries, are such as may admit 
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of explaiuition, cm the theory of sameneas of i^wcieo Bii4«r 
the influence of aeoidental ciitnunstinceg, or whether we ahaU 
he obliged to hold, wkh certain pliydologiste, chiefly of the 
JB^nch school, that there was no original indmdwd »vw cxe^ 
ated, but a number of men, either at the sams^ or at diflerent 
times, speciflcally distinct &om each other, and hequeathiag 
this distinctness of species to their posterity, 

Man is distinguished from all other aninuda by many and 
im])ortant characters. Destined to rule over every beast of 
the eartli, and every bird of the air,” yet infmor to many of 
tliem in size, in strength, in velocity, and even, apparently, in 
instinct, thero remained hut one means tor enabling him to 
assert his superiority, and that was to endow him with reason. 
This has taught him to subdue force by stratagem, and i>ower 
by craft ; to shelter Idmself &om dangers which he could not 
overcome, and evade attacks which he could not repeL This 
lias caubcd the untutored savage to j)rcpai’e the pitfall, to lay 
the snare, to bait the trap, to construct the canoe, or sliape out 
the arrow, the speai*, and the bow. But for these things two 
proAUbions were necessary, the mind to contrive, and the skill 
to execute ; the former flnds its corresponding oigaulzation in 
the large, the complicated, and the weighty braiii ; the latter 
in the hand, — an organ so exquisitely tinished, so admirably 
adapted for working out the most ingenious devices, thaf Heb- 
vetius was inclined to look on it alone as sufficient to account 
for man’s superiority over other animals. 

Now, from these two necessary peculiarities of atruetuie, 
flow two of man’s most clioractoristic distinctions : he must he 
erect, — and capable of using his two anterior extremities^ as 
hands ; erect, because the weight of his brain and skull would, 
if he assumed a horizontal porition, be constantly weighing 
down, and wearying liis neck, while the blood, rushing with 
unchecked force, would render him constantly liable to head- 
aches, vertigoes, and apoplexies ; caimble of using his two 
anterior extremities os hands, for, were they emjdoyed as feet^ 
their fine sense of touch would soon be lost, the skin, thick- 
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ened and hardenad^ would be deprived of its delicacy of feed- 
ing, the fingers, swollen a^tid stiffened, would want their easy 
pliancy and flexibility, and could no longer adapt themselves 
to any tasks teq^uiring neatness or care* We thus see that 
man was destined by his constitution to be an intellectual 
animal, upright in position, and famished with two hands and 
two fi^t, and this enables us at once to search out his mo^ 
Important characters, and embody them, if required, in a defi- 
nition. In fact, from these flow almost every other peculiarity 
of his structure. 

In other animals, the hole through which the spinal 
morrow passes out from the skull, is nearly opposite the 
face or jaws, and the weight of the skull is, in a great measure, 
sustained by a ligament (the ligamentum nmhos\ which we 
have already described : in man, the hole is in the centre of 
the base of the skull, which is thus nearly balanced on the 
vertebral column, and needs no ligament for its support, con- 
sequently there is no ligament, or merely a vestige of what 
may be considered as such. In animals, also, the blood rush- 
ing to the head, which is so pften lower than the heart (as 
when a cow is grazing), would come with a fearful power were 
not its course delayed by a beautiful and wonderful contrivance, 
to which there is no parallel in man, because liis head is not 
intended to be intliat position. The contrivance is the sudden 
breaking up of the internal carotid arteries, just before they 
enter the brain, into a perfect network of little vessels, through 
all whicli the blood must pass, to be again collected before it 
can reach the brain. The force of the heart is thus entirely 
broken ; but in man the blood has to rise against its own 
own gravity, which sufficiently answers the purj^ose. Again, 
animals that are to live on flesh, are provided with fangs, or 
beaks and talons: man has no fangs and no talons, but he has 
the mind to devise implements of destruction, and the skill to 
construct them. Endowed with the moral sentiment, with 
feelings of delicacy, man naturally seeks to cover himself with 
dress, and this is more than a counterbalance to the want of 
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feathers or fur, which besides would so condderahly blunt the 
fineness of his sensations. In the same way we could piroceed 
to account for the length of his heel-bone, the form of the 
foot, the muscular swelling of the calves and buttocks, the 
form and direction of the pelvis, and many other circtun-r 
stances in which he differs from all other animals, bdt as this 
is a subject presenting very little doubt, let us rather turn tp 
consider those points in which men differ when compared 
amongst themselves. 

Zoologists have much disputed wlicther mankind are to be 
considered as f3rming one genus with several subordinate 
species, or one species with several mrieties. Either hy^thesis 
will servo to explain the numerous differences which we every- 
where meet with, in size, colour of skin and eyes, natui'e and 
colour of hair, general form, &c. ; but, according to the former, 
a creation of several original pairs, endovred each with the 
peculiarities which characterize their descendants, becomes 
necessary; while, according to the latter, a single pair will 
suffice, and then zoological deduction will coincide with what 
ajjpears to be declared in the Mosaic narrative. Many circum- 
stances tend to favour the prevalence of the first opinion. We 
compare the delicately fair Caucasian with the intensely black 
Negro of Guinea, the giant Patagonian with the dwarf 
Laplander, the long-haired Greek with the woolly-headed 
Hottentot, the oval-faced European with the broad wid flat- 
faced Mongolian ; we find it difficult to account for such wide 
deviations from a common stock, and we indulge our indo- 
lence, and save ourselves the mortifying confession of our 
ignorance, by saying they had each their own stock. The 
same explanation is of equal use in accounting for the mode 
by which distant islands, difficult of access, became peopled 
with inhabitants, too numerous to allow of the supposition of 
their recent importation, and too barbarous to admit of attri- 
buting to them any further skill in navigation, than consisted 
in the management of a wnretched canoe* If we suppose theiii 
to have been created on the soil where they were discovered, 
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we at once ouDselres from the trouble of firamiug an 

hypothesis regarding their immigration, and spare ourselTes 
aU attempts of traemg analogies with known tongues in their 
language, which, perhaps, is truly and radically distinct, A 
htrther ^ilhculty is also thus overcome, we should rather say 
ayoidedf^and it is one which, in an d priori argument, would 
necessarily be of considerable weight. It is this; we learn 
innn historical records, firom sepulchral tablets, and from the 
figures in the Egyptian temples — ^too accurately delineated and 
coloured, and too well preserved, to admit of doubt — ^tliat, at a 
period of remote antiquity, races of men existed, os distinct 
from each other as they are at the present day, consequently 
such varieties must have had then origin previous to this 
time, that is, say, in the thousand years, or thereabouts, tliat 
intervened between it and the deluge; but man was then 
nearly in a state of nature, and much less subject to the nu- 
merous modifying circumstances w'hich might be supposed to 
give rise to \'arieties, than he has been for the last three thou- 
sand years : during which, however, no one has ever seen the 
origin of a new variety. We think we shall be allowed to 
have stated, in its full force, this objection to the theory which 
we mean to adopt, and we shall take an opportunity of return- 
ing to it wh^ we have developed the true grounds on which 
the question should be argued. We think, also, tliat we have 
shown sufiident reason why the theory oi‘ a plurality of 
species, so gratifying at once to our vanity and our indolence^ 
should have found such numerous supporters; nor need wo 
wonder, from its very obvious nature, that a writer, at all times 
more distinguished for brilliancy than depth, should be found 
to assert, " 11 n^est peraiis qu’i\ un aveugle de douter que les 
blancs, les J^egres, les Albinos, les Hottentots, les liUppons, les 
Chinois, les Americains, soient des races entierement dif- 
f&rentes.” 

The que8ti(»i, however, is not to be decided by declama- 
tion; it is simply, as we view it, one of zoological science, and 
resolves itself into tliis: — Are the differences between the in- 
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habitants of yatiouB countries and climates so great as io 
render it impos^ble they should be of the same speciesi And» 
of course, the first step towards our answer must be ^ do* 
ciding what is meant by a species. 

By species, then, we mean all those individuale descended 
from a common origin ; and if there be a doubt as to "Wether 
an individual does or does not belong to a species, we compare 
it with the individualB known to be of that species, aiid 
ascertain whether it is marked by any more decided particu- 
larity than those by which they are distinguished the one 
from the other. If it be, we conclude it of a different species, 
and assign it a different origin ; if not, we look upon it as a 
of that species, assign it the same origin, and term its 
particular characters accidental. 

This is our idea of species, and of the criterion by which it 
may be decided; several others have been proposed* 

The following is John Hunter’s: — ^^^Si duo qu»libet 
animalia, quibus inter se siniilitudo non ita peifecta est, ut per 
certo eidem specie! adjudices: prolem tamen alterutri parenti 
aut jam similem, aut aliquando fintwramy procreent ; turn qxian- 
tum inter se differant, ilia ejusdem tamen specie! esse habenda 
sunt:’’ which he illustrates thus. Of aU that bear the human 
name select a male and female the most unlike possible, say a 
Congo black and a fair Circassian; suppose that from their 
union spring a male and female child, and that the fmmer of 
these intermarries with the father’s race, the latter with the 
mother’s ; if then, after some generations, the offspring of the 
male child resemble the father in everything, and the of^ring 
of the female the mother, then it follows that the parents were 
of tlie same species. Bat that such will be the case is proted 
daily, by the results of intermarriages between blacks and* 
whites. 

This appears to us unsatisfactory : the canary, it is well 
known, will breed with different birds of the finch tribe, their 
ofispring is prolific, and there can be no doubt tliat if mated 
only with birds of either family, all trace of the other would 
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be obliterated after a iew generations, probably as scion as teacea 
of black blood are lost by the descendants of a Mulatto^ The 
same circnmstance is known to occur in the production of 
Hybrid plants. 

Still less can we admit the criterion proposed by Ray, and 
supported by Buffon, that all those animals w'hich breed toge* 
tiler, and produce a prolific offspring, are of the same species ; 
though, could we adopt it, our own views would be at once 
proved, for all varieties of the human kind come within the 
law. But, as Mr. Lawrence observes, the rule involves a petitio 
principii. It is true, that in general, mules, produced between 
a horse and an ass, are incapable of procreating, and thence lias 
come the popular generalization, that no hybrid can breed. 
But to this, numerous exceptions are now knowm ; the mule 
itself has at times broken through the rule ; and Aristotle 
mentions instances in which a mule had engendered with a 
mare, and the less dubious case, in which tho she-mule had 
conceived. The he-goat breeds with the ewe, and their off- 
spring is prolific; the case of the canary-bird and goldfinch 
has been already mentioned ; the common cock will breed with 
the hen-partridge, or the cock-pheasant with the common hen ; 
and, according to Pallas, the Chinese goose coimlates readily, 
in Russia, with the common goose, and produces a h^^brid, but 
perfectly prolific offspring : the race soon returning to the 
characters of the common goose, unless crossed again with the 
Chinese species.'^ 

This criterion, then, being quite untenable. Doctor Prichard 
has proposed another mode of determining the identity or di- 
versity of species ; viz., “ by referring to the principal laws of 
the animal economy and this, as being a physiological test, 
and having its basis in the operations of nature, we sliould wil- 
lingly embrace, but for the very limited extent of our ac- 
quaintance with those laws, and our consequent ignorance 
hbw far they may admit of modification. Thus, Doctor 
Prichard assumes as one of his examples, the period of utero- 
gestation, and &om the fact, as stated by Buffon, that the wolf 
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vritk youBg more tlian one hundred days, while the bitch 
is &own to cany hers but eixty-two or sixty-three, gives it as 
his decided opinicm that they are of different species ; though# 
from such tests as those before mentioned, John Hunter, axid 
several other excellent physiologists, were inclined to consider 
them as of the same. But though, in the human kind, >ve 
know the general law which confines the child to the womb 
for a period of nine months, we also know that this period 
may be considerably anticipated ; but, os we do not know the 
cause of the genertJ law, so neither can we tell the extent to 
which it will admit of particular exceptions ; such exceptions, 
therefore, may be but accidental ; and we liave already shown 
tliat accidental peculiarities do not constitute species but va- 
rieties. Doctor Prichard seems to us still less happy, when he 
assumes, as a standard, the common liability to certain diseases. 
It is certainly true that the small-pox has raged in every 
climate, and amongst ever}’’ race ; and, before this dreadful 
scouige, all have confessed their common huinanity: but it is 
also true that apes, inoculated with it, ^lave sliown regular 
pustules ; the vaccine disease, none can doubt, we share with 
cows ; itch and other cutaneous maladies seem common to us 
with inferior animals, and a late but terrible experience, has 
fully proved that glanders can be communicated from the horse. 
It is singular that this very test, which Prichard chose as 
establishing the variety of the human species, should have 
been selected by others for disproving it. Virey alludes to the 
frequency of yawB among the Negroes, while they are seldom 
known to attack whites, and the latter suffer dreadfully under 
yellow fever, from w^hich the former are comparatively exempt. 
Other authors have attempted to show that the species of louse 
found on the Negro, differs generically from the parasitical 
insect of white men; and Rudolphi has extended the argument 
to the worms by which their bodies are infested : Tosmh lata^ 
L.,*' he says, found in the bodies of the Russians, neigh- 
bouring Prussians, and Swiss, while in the other Ruropeans, and 
the Greeks gener^y, Toenia solium prevails. 1 have only seen 
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one exampk^ in a joung female, where both of theee presented 
at the same time, bat it is probable that this person y^rat of 
mixed descent]’* The idea of making thk a standard of 
species is certfdnly not a littk amiising, when we recollect that 
the Asearis hmbrkc^ksy L., is to he fonnd without any sensible 
difference, in the intestines of mam, horse, zebra, aas, mule, ox, 
and hog. 

We shall only mention one more — ^thst proposed by M. 
Cuvier, in the Preliminary Discourse to his Ostemena Fosdka^ 
** Generation,” he says, ‘‘ being the only means of ascertaining 
the limits to which varietiesjan extend, we should define 
species to be the assemblage ofmdividuals descended one from 
the other, or from common parents, and of those who resemble 
them as strongly as they do each other.” This definition, M. 
Desmoulins pronounces false, for the following reason. The 
American bison is clearly a distinct species from the European 
domestic ox, as is evinced by the difference in figure, the shape 
of the head and cranium, &c., as well as by its possessing two 
additional ribs on each side. But a great part of the black 
cattle, to be found in the states of the American confedracy, 
at the other side of the Alleghany, is the hybrid breed, l>e- 
tween the European cattle and these bisons. “ These hybrids,” 
says M. Desmoulins, ** form really a new species.” To this we 
can by no means assent, as it would go to prove every produc- 
tive cross a new species, a doctrine perfectly monstrous : liad 
M. Desmoulins said that such hybrids, if bred previous to our 
knowledge, and since propagated by direct descent, would now 
be prolmbly ranked as a new species, he would have been right; 
but he would have been assuming a case which he knew did 
not, and we may say could not, occur ; such crosses are arti- 
ficial, they occur only in animals under subjection to man, 
and ore not known to occur in a state of nature, where there 
seems to be an instinctive aversion to all intermixture of 
cppecies ; they cannot, therefore, with any show of fairness, be 
^trodueed into a dilute regarding the original and natural 
dxstiiictaess of species. But M. Desmoulins* own test, *^ihe 
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permaaaenee of type under difTerent cmnnAstanees^’* cannot be 
admitted as sufBdent, when we see the red eye invariably 
accompanying the white skin, in the lencsethiopic race of rab* 
bits, mice, &c., which we can show to be but a variety, or the 
universal prevalence of black hair on the swine of a certain 
district, or the uniformity of colour, mentioned by D^Azara, 
as marking the numerous troops of horses, now running wild 
On the spacious South American Pampas, which, nevertheless, 
all owe their origin to those originally imported by the Spa- 
niards. In truth, M. Desmoulins, though nominally one of 
the most violent oppoeers of tl^e unity of the human species, 
is really not a direct contradictor of onr views. He denies 
that species can be formed by the influence of climate, but 
asserts they may originate by generation ; tliis is nearly what 
we hold resjKJcting varieties ; the dispute, then, resolves itself 
into one about words, ^w’hat we call varieties he calls species, 
and admits they may have a common origin. 

We therefore return to the deflnition with which we set 
out ; we consider all descended from common parents, as being 
of the same species ; and wc accept Blumenbach’s test of ana- 
logy, and judge of the extent of variety which may occur, by 
a comparison with that which has occurred. 

Our next step shall he to state, as briefly as possible, the 
most striking difierences observed in the human species, for 
which puriMDse we shall arrange them under the five heads 
originally proposed by Blumenbach, and since generally re- 
ceived. We shall then apply our test, and show that greater 
differences have, to our knowledge, arisen in individuals 
allowed to be of the same species ; and, lastly, shall consider 
the causes to which the origin of varieties may be referred* 

1. At the head of the human kind stands the Caucasian 
race, distinguislied for pre-eminent grace and beauty of figure* 
The face is oval, the skin fair, inclining to brown, deepening 
in sliade as the exposure to sun and climate becomes greater, 
yet generally permitting the blood to be seen through the skin 
in the cheel^ and at the lips. The hair of the scalp and the 
beard is abundant, soft, long, and fiowing in undulations, more 
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or less approaching to curls. In colour, it may he described os 
brownish, deviating, on the one side, through auburn, red, and 
yellow, to a delicate flaxen colour ; on the other, through dif- 
ferent degrees of intensity, until it becomes a clear and glossy 
black. The forehead is high and expanded; the features 
moderately distinct ; the nose narrow and straight, or inclining 
to aquiline ; the cheek-bones not in general prominent ; the 
mouth small ; the lips, particularly the lower one, slightly 
turned outwards; the teeth perpendicular in each jaw, and the 
chin full and rounded. 

The head is of a symmetric^ appearance, nearly globular ; 
this character is particularly observable in the Turks. The 
general outline of the figure is free and flowing, the port erect, 
the back part of the head rather projects, so as to cause a curve 
in at the neck, the lower extremities are stmight and well- 
X)laced under the body, the sole of the foot lies nearly smooth 
on the ground, not resting, as in monkeys, on its outer edge, 
and the swell of the calf is gradual, and at some distance be- 
neath the knee. The facial angle is more open in this than in 
any other variety ; though in this point much difference exists 
from the ideal forms of Grecian beauty, in which the angle 
approximates a right angle, the forehead being thus per]>endi- 
cular over the face, to the sloping forehead of the Pole repre- 
sented in Blumenbach’s Decades Cranionim (iii. 23), and in 
which the angle is identically the same with that of a Negro’s 
head, wliich he has also represented (ii. 10). We may hero 
observe, en passanty upon the total and evident insufficiency 
of so constantly varying a mark for the establishment of any 
original difference between races of mankind ; yet this is the 
character upon which M. Vircy chooses to divide them into 
two distinct species, which he again subdivides into races dis- 
tinguished by their colour, as follows : 


8pecu$. Race. FamUiet, 

! 1. WUte i Arabo-IndJMi. 

* * * \ Coltlc and Caucasian. 
J Chinese. 


degrees. P' Tawny yellow f j Kalmuok-MongoUan. 

I iLapono^Ostlaek. 

'3 Copper^lour . . America', or Carib. 
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8pcci€$* Race, Fan^iHct, - 

( 4. Deep-brown ... Malay or Polynedaji. 

S. Black .... 

6. Blaoklsk . . . 

It is evident our Pole ^ once destroys this distinction, as 
according to it he would have been of the second species, while 
his father or brother, or any more fortunate hiember of the 
family would liavc belonged to the first. And this, in fact, is 
the strong point, from which we must ultimately admit the 
unity of the human species, tliat you can take no mark so de- 
cided, that will not occasionally be found occurring in some of 
the other divisions : for by such insensible gradations do they 
run together, that though the extremes seem remote, the in- 
termediate steps are as nothing. We proceed from change to 
change, scarcely knowing how we advance ; the fugitive cha- 
racter still eluding our grasp, and refusing to exhibit any stable- 
ness or fixity, till at last we join in the conclusion of one whose 
best attention has long been given to the subject, and who de- 
clares, that so far from finding mankind to consist of different 
species, he has become totally unable to discover any decided 
grounds for distinguishing them into varieties. 

To revert, however, to our Caucasian race, of which we 
have noted the prominent physical characters ; they are -no 
lesi^istinguislied for moral endo\yments. Amongst them civi^ 
lization probably origina. ^d, as amongst them it certainly 
attained its greatest perfect^^. Whatever may have been the 
colour of the ancient EgyptU "is, tlie form of their skull clearly 
indicates them to have been ot this variety. This it is which 
has produced the greatest men in every art and science ; legis* 
lators, poets, painters, astronomers, divines, physicians, natu- 
ralists, all have appeared most pre-eminent amongst thfe 
nations belonging to this race. Its cliai-acters are pretty widdy 
extended : in Europe they ore universal, if we except the Lap- 
landers and some of the Hungariansi, tribes who seem rather to 
belong to our second division. In Asia they are found stretch- 
ing, even to the west banks of the Granges, through Turks, 

2 D 


Coffer, 

Negro. 

' Hottentot. 
[Papuan. 
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Syrians, Armenians^ Georgians, Circassians, Jews, Mingre- 
lians, Peraianfi, Arabs, and Hindoos of kigli caste. In 
Ainca they may be traced in the Moors, the Berbers, 
some of wh(mi, as represented by M. Bozet, present a 
physiognomy perfectly Roman, in the white and yellow- 
haired tribes of Mount Aui'ess, described by Shaw and 
Bruce, in the Egyptians, the wandering tribes of the desert, 
and at the extreme west, in the mummies of the Guanches, or 
former inhabitants of the Canary isles. In America we cannot 
say that any of the race exist, except as descended &om 
European colonists. The tribes termed indigenous agree 
amongst themselves in characters sufficiently numerous to 
form them into a distinct variety, of which we shall speak 
hereafter. We only doubt whether the Incas, the golden^ 
haired children of the sun,^’ con be considered as belonging to 
to it ; but our information respecting them is far too limited 
to allow of even a probability being attained on this point : 
Dr. Prichard suggests tliat they may have been a family of the 
original Asiatic immigration, >vho, from some peculiarity of 
custom or situation, preserved their ancient manners and civi- 
lization, by means of which they were enabled to become the 
legislators of the rest, ivho, spreading more widely through 
inmieuso uncultivated tracts, soon degenerated into all the 
habits of barbarous life. • 

2. The second great variety of the human species, termed 
Mongolian, extends over all the eastern and northern parts of 
Asia, the north of America, and embraces those European 
tribes, the Laplanders, Hungarians, &;c., excluded from the 
&:st. In all these the head presents a square and flattened 
appearance, as though the globular Caucasian head had been 
depressed, and the face widened and dilated. Tlic general 
complexion is yellow or olive, ‘‘ a middle tint,” as Mr. Law- 
rence says, between ripe wheat and boiled quince, or dried 
lemon-peel.” In many of them it is by no means darker than 
in several of the foregoing race, particularly when embrowned 
by exposure, yet it effectually conceals the rush of Uood to 
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the cheek ; the becoming blnsh seems the pecoHar privilejge c£ 
the Caucasian tribes, though it has been distinguished in a 
iSaoat degree in young and delicate females of the ToB4)[Uin6&0 
by Damper, of the Esquimaux by Chappell, of the Otaheiteana 
by Forster, and even of the Negro race by Goolberry. The 
hair in the Mongolians is black, straight, thin, and stiff ; many 
of them shave it, leaving a single lock, as may be seen in repre- 
sentations of the Chinese ; the beard is scanty, and generally 
eradicated* The general contour of the &ce is square, and the 
features seem, as it were, pressed into it The forehead is low 
end slanting, the superciliary ridges scarcely exist, the space 
between the eyes is wide and flat, the eyes of a black-brown 
colour, narrow, linear, and drawn upwards towards their outer 
angle; the cheek-hones project literally; the nose is flattened 
in, particularly at the root, and the nostrils are very open ; the 
upper jaw is flat and wide, the teeth straggling, the chin short, 
and not retreating. In general form of body the Mongolian 
at least to our eyes, by no means so graceful as the Caucasian. 
The trunk is large, square, and massive; the extremities thicks 
aliort, and muscular; the whole is constructed rather for 
strength than agility, and the average height is inferior to ours. 
Under this head have been assembled the inliabitonts of China, 
Japan, Tonquin, Cochin-China, the Burmese, and other terri- 
tories east of the Ganges ; of Thibet and Boodhtan, tlie nomad 
hordes of central and northern Asia, the Finnish races, already 
alluded to, of the north of Europe, and the Esquimaux of thb 
northern parts of America, extending from Behring’s Straits to 
the extremity of Greenland. Amongst these people, however, 
innumerable differences are to be found, insomuch tliat Dr, 
Pricliard quite rejects the idea of uniting them under oua 
common name, and there certainly appears sufficient reason 
for admitting, at least M. Virey’s subdivision, into three prin- 
cipal the rude wandering hordes of the elevated ground 

in central Asia, veiging on one side into the more cultivated 
and civilized nations between the Gang^ and the sea, where 
this variety appears to have reached its utmost perfection, 

2 d2 
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though, still ^ from rivaUing tho Caucaaian^ and^ on the 
other, into those stunted and diminutive tribes, the Esquimaus:^ 
the Samoiodei^ the Ostiacks, the Laplanders, and others sur- 
rounding the Arctic Pole. 

0. We could suppose a skull, such as we have described the 
Mongolian, to be formed from a Caucasian by depression ; but 
compression as well as depression would be required to produce 
our third variety, the Ethiopian, including, we may say, all 
the African tribes not referred to the first division, and who, 
from their prevalent complexion, are known by the common 
appellation of Negroes, or Blacks. In this variety we generally 
find a predominance of the sensual over the intellectual deve- 
lopement. The senses are all of extreme acuteness, and the 
face seems to be moulded, so as to afford their organs as much 
size and prominence as possible. The eyes are brought to the 
surface of the bead, the nostrils enlarged, the mouth protu- 
berant, the teeth strong, the jaws powerful, the temporal 
muscles by which these are moved enlarged, and occupying a 
considerable extent on each side of the skull, which seems os 
if it were flattened and narrowed between them. The hair is 
short, crisp, and woolly, and, as well as the eye, of a black 
colour. The cheek-bones are prominent, the jaws projecting, 
the nose broad, thick, flat, and confused with the surrounding 
paits, the lips, and particularly the upper one, are thick, the 
upper front teeth are oblique, the chin retreating. The head 
is altogetlier of an elongated form from front to rear, where is 
placed its principal bulk. The occipital foramen is situated so 
fiir hack, that tliere is scarcely any bend in at the neck, which 
forms almost a straight line from the head to the back. The 
general figure is less graceful aud erect than in the Caucasian, 
the knees are generally turned in, the calf is small, and situated 
immediately below the knee, the sole of the foot rests more on 
its outer edge than in us, the head is elongated, and the leg is 
not well straightened in progression. 

There are, doubtless, many points in which the Negro 
differs from the Caucasian, and in most of which he more 
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nearly approaches the monkey-tribe. This fact has been seized 
on by persons who have considered it a reason for either de- 
pressing the Negro-race to an affinity with monkeys, or raising 
those latter to the rank of men. But a moment^s consideration 
would have shown the trifling importance of the fact upon 
wliich they build such grave conclusions : if there b to be a 
variety in the ’formation of mankind, some nmsC resemble 
monkeys more than others ; but this is no proof of anj^thing 
like an approximation of species; ‘‘some pigs,*^ sayt Mr* 
Lawrence, “ have solid hoofs, and in so far approach the struc- 
ture of the horse, but do we on that account suppose that the 
nature of the animal in general is less porcine, or more like 
that of the horse, than that of other pigs 1” The Negroes are 
in fact, “ children of a larger growth we perceive in them 
the same volatility, the same restlessness, the same impatience 
of restraint, the same attention to objects which strike their 
senses, the same fickleness of will, the same want of determi- 
nate aim or purpose. The reflecting powers seem dormant or 
little exercised, the moral sense is weak and obscure, the ani- 
mal propensities alone seem to have reached maturity ; and 
under their unchained influence, tlie Negro is capable of the 
wannest attachments, the bitterest enmities, and the most 
horrible revenge. A nation of civilized Negroes is a phaBnome- 
non unknown ; in vain will you search amongst them for 
elevated flights of imagination, profound investigations of the 
laws of nature, or just views of human responsibility ; no 
W'oolly-headed race has ever produced even a great conqueroi^ 
perhaps the least honourable path that leads to human dbtinc- 
tioii. Blumenbach has taken pains to collect some examples 
of natural talent amongst Negroes, and instances some who 
have succeeded as painters, poets, musicians, and divinea. 
These are, however, only individual cases, the general charac- 
ter accords with that we have sketched — and may be applied, 
with but few exceptions, to the African nations living altmg 
the coasts of Guinea, Benin, Angola, Loongo, Ac., or gene- 
rally, to all south of the Atlas mountains. 



m 


OP MAir, AND TH® 


Tliese are the three* priticipal varieties Of the human 
kind, and with them Cuvier dectees himself satisfied; though 
he allows it is difficult to reduce the Mala 3 rs or the Americana 
to any one of these precisely. Still he suggests they may be 
sorts of transition Varieties, — ^the Malays between the Mcoigo- 
Han Chinese on the one side, and the Caucasian Hindoos on the 
other; the Papuans, a cross on some Negroes who had found 
their way to the Indian seas ; while for the Americans, related 
to the Mongoli^s by their black hair and scanty beard, and 
to us by the distinctness and prominence of their featxure^ 
he declares he can find no chapcter sufficiently decided and 
important to warrant him in constitutuig them "distinct 
varieties.” 

We shall, however, for the sake of more clearly stating 
the prominent difference observable in mankind, retain the 
remaining varieties, as established by Blumenbach, under the 
names of American and Malay. 

4. Through the entii*e of the new world, if wo except the 
regions bordering on the Arctic circle, there exists a wonderful 
uniformity of personal appearance. "The Lidians of New 
Spain,” says Baron Humboldt, "bear a general resemblance 
to those who inhabit Canada, Florida, Peru, and Braril. 
They have the same swarthy and copper-colour, straight and 
smooth hair^ small beard, squat body, long eye, mth the comer 
directed upwards towards the temples, prominent cheek-bones^ 
thick lips, expression of gentleness in the mouth, strongly 
contrasted with a gloomy and severe look.” " Over a mil- 
lion and a half of square leagues,” adds M. Volney, " from 
Tierra del Fuego to the river St. Lawrence, and Behring’s 
Sfa*aits, we are struck at the first glance with the general 
resemblance in the features of the inhabitants ; we think that 

* Descended* it hoe been supposed, from the three sons of Noah ; Japhetfa. 
being the progenitor oi the Caucasian or European tribes; Shem, of the Mongo- 
lian or Asiatic ; and Ham, of the Negro or African. The original affinities of 
fho various languages spoken amongst these great subdivisions have hoea 
brougtit in support of this idea. Much curious information* tending to throw 
light on the questiua* may be found in Adelung, Voter* and Piiohard. 
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we perceive them all to be descended fipom the same stock, 
Hotwithstipding the prOdigiotis diversity of languages which 
separates them one thim another.’^ The traits luentioHe^ 
above, particularly those marked in italics, con leave little 
doubt as to that stock being the Mongolian, to which, if we 
add the consideration of their relative geographical situations^ 
of the narrow strait which separates north Asia from the 
diores of the new world, of the evidence that in former times, 
tins distance was still less, or perhaps tliat an actual junction 
existeci, or at least, that islands^ studded the strait, the pas- 
sage from one to the other of which, even in the rudest canoe 
or raft, must have been perfectly easy; if, further, we take 
into account the analogies which American languages furnish 
with those spoken in northern Asia, the similarity even in 
certain habits and shades of character noticed by travellers^ 
particularly by Humboldt, Spix, and Martina; and finally, 
add the singular but well-established fact, that the dog found 
with the natives, was a rough-haired, prick-eared, savage 
animal, agi’eeing identically with the Oanis SiHricus^ the 
faithful attendant of the noithem Mongolian nomad hordes; 
we think the supposition of a separate creation of autochthones 
for the new world will be gh^en up as gratuitous and uime-» 
cessary, and its inha])itants will allowed to offer no excep- 
tion to the theory wliich looks on mankind as one, and de- 
rived from a single origin. 

The cliaracteristics of the American tribes, however, are, 
like all others we have noted, subject to considerable variation. 
The tint of the skin, generally of a red or copper colour, may 
become of a deep brown, while others are nearly wMte, as 
Cook observed of the natives at Nootka Sound, and Molina of 
some who inhabited a high situation in the Chilian Andes. 
In stature, they present all degrees, from the great height of 

* t>r. Mitcbell, of York, haJ confirmed the fact, that the hOands pUeed 
'between Kamtsebatka and the coasts of America, such as the Aleutian, tho 
Kurile, &c., are inhabited by the descondants of Siberian tribesi retaining all 
their manners, habits, and ap p ea ra nce. 
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the Patagonian to the dwindled bodies of the Chaymaa, whom 
Humboldt describes as seldom exceeding four feet^ The de- 
pression of the forehead also varies considerably, and, it is said, 
is in many cases assisted by artificial means. Blumenbach re- 
presents the skull of a Carib, in which pressure had been evi- 
dently used for this purpose, and the forehead slants off so sud- 
denly from immediately above the eyes, that we can almost 
suppose the individual must have been able to see above him 
without turning up his head. 

Civilization would appear never to have made much way 
amongst our red brethren. When the Spaniards entered Ame- 
rica, there existed two powerful nations, tlie Peruvians and the 
Mexicans, respecting which the Spanish historians entertain ub 
with wonderful accounts of their power, wealth, intelligence, 
and advancement ; but it is evident they had as yet made fow 
steps from barbarism, as they had no current coin, no written 
alphabet, no manufactures, or commerce, no clothes, except 
some painted feather girdles and other ornaments, and a few 
hardy adventurers proved sufficient to overthrow these tw'o 
mighty empires. Yet courage is by no means that quality in 
which the American Indian is deficient ; he will face the most 
aj)palling dangers, will undergo the severest tortures with- 
out a groan, and W'ill march to liis funeral-pile with a 
proud disdain of life, chanting his war-song, and bidding 
defiance to his enemies by whom ho is surrounded. Neither 
are some of the more generous feelings of our nature want- 
ing. Though they are said to kill all their children bom 
after a certain number — habit consequent on the difficulty, 
or almost impossibility, of providing food for a numerous 
family in their w’Ud mode of life, they yet exhil^it occasional 
instances of very strong attachment even to strangers whom 
they may have spared and adopted. The proud constancy 
with which they have refused to bend tlieir necks to the yoke 
of slavery, but have rather preferred to suffer extermination, 
is Well known, and the difference between their character and 
that of the Negroes in this respect, gave rise to tlie proverb 
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long ourrent amongst the French coloniats of the Antilles isles, 
^ Que regardep un sauvage de travers, c’est le battre ; le battre, 
c’est le tuer ; mais frapper un N^gre, c^est le nourrir.** . 

A slowness to adopt improvements, or modify their habits 
to circumstances, seems, however, a constituent part of Ameri* 
can nature. These men who exhibit such suiprising instances 
of sagacity in their native forests, develope such traits of inge^ 
nuity, patience, and skill in pursuing or avoiding a foe, in 
securing the objects of their chace, or in rescuing themsdves 
from situations of danger and difficulty, have never learned 
anything from an approximation to civilized life, further than 
to participate in its vices. "The native Americans,’^ says 
Ulloa, " are so stupid, that all the Negroes generally evince 
more aptitude at learning what it is attempted to teach then^ 
and of which they never can attain a conception; for this 
reason the Negroes, though slaves, believe themselves of a 
superior nature to the Indians, whom they look on with con- 
tempt, as incapable of discernment and reason*.” Their early 
conquerors, the Spaniards, readily fell in with a doctrine so 
favourable to the violence and cruelty with which they were 
inclined to treat the unfortunate Americans, who were, how- 
ever, rescued from this nominal degradation, by the celebrated 
bull of Pope Paul III., declaring them to be *^real men, and 
not, as was commonly asserted, a race of animals.” 

The habitation of these "real men” is daily becoming more 
and more confined ; they have shrunk from the proximity of 
their Caucasian brethren, whose superior power and intellect 
have served so much oftener to destroy than to improve^ 
Driven from almost the whole of tlioir Atlantic coasts, they 
have retired [to the interior of the country, where they still 
may tread the pathless forest, and wonder by their mighty 
streams; in such haunts tli^y still retain their distinctive 
marks, their characteristic traits; of these, we are convinced, 

* This oontompt the Indiana arc not slow to return* and their Ideas Teq)eet'‘ 
injr tbti relative places held by each* in the animal scale* are pithily expressed 
' in their usual classification God moke white man first, then red man, then 
dog, and then nigger 
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rniicli yet remains to be learned ; and observations respecting^ 
fbem we shcmld regard as amongst the most valuable additions 
to anthropological science. 

5. The Malay variety is, we think, by many degrees the 
most imperfect of those which Blumenbach has proposed ; in 
fact, it contains all that he could not put into his other va- 
rieties, forced together in this one, though often exhibiting 
great dissimilarity of character, and the variety, as it at pre- 
set stands, includes almost every possible shape of skull and 
form of body, from the noble-looking Otaheitean, erect and 
feir,^ whom we scarcely can distinguish from a Caucarian, to 
the black and woolly-headed Papuan, the near neighbour of 
the Negro, or the underlimbed Mallicollese, whom Dr. Forster 
describes as a small, nimble, ill-favoured set of beings, who, of 
all men that he ever saw, Iwrdcred the nearest upon a tribe of 
monkeys. Yet some of the three exhibit much resemblance 
to the inliabitants of the peninsula of Malacca, from wliom 
they all derive the common name, and who are described as of 
a chestnut-colour, varying to yellowish on one side, and deep- 
brown on the other ; with the forehead retiring, yet rounded, 
the nose laigo and thick at the extremity (a bottle nose ) ; the 
eyes of a black colour, elongated, half closed, and raised towards 
the temples ; the cheek-bones moderately prominent ; the 
mouth large, the upper jaw much advanced ; the hair thick, 
curled, long, and soft, of a colour always black ; and the gene- 
lal figure good, and calculated for active exertion. Such is the 
description of the chief inhabitants of the Malaccan peninsula, 
mid it certainly rather favours M. Virey’s o]>mion, that the 
Malays are a sort of bastard race, between the Cliinese Mon* 
golians, and the Papuans, whom he looks on as nearly allied 
to the Negroes. The gradation certainly is extremely gentle, 
and by steps almost imperceptible, whether we ascend or de- 
scend, and we consider this race, if taken in connexion with 
the consideration of its various, yet similar, dialects, of its 
analogous habits, and of the traces which can be found of its 
divergence from a common point, to be that which goes furthest 
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towards determining the id^tity of the human species, rmder 
its several varieties of form, and Bhowing the possibility of 
members of a common stock presenting^ in their phyacal 
formation, characters so widely different, “ These varieties,” 
says Dr, Prichard, ^‘are here so blended, and they appear under 
circumstances so clearly identiiying the race, that we are pre- 
vented from failing into a suspicion, which would otherwise 
arise, that these different kinds of people are of distinct fami- 
lies. If their mntual separation were somewhat more broadly 
marked, this hypothesis would have been forced on us. As 
the case is, it would he scarcely more absurd to assert, that ti&e 
natives of London and Edinburgh are distinct species of men, 
than to maintain a similar pretence with respect to the New 
Zealander and Otaheitean.” 

We come now briefly to consider the principal differencfiSa 
we have pointed out as existing between men and men, and to 
inquire whether they are of such magnitude, and of a character 
so imalterable, as to render it impossible fhat all mankind 
should have descended from a common stock. It might be 
sujiposed that the quality by which men are most surely dis- 
tinguished from other animals, would, by its gradations, aflbrd 
no bad standard for ascertaining differences of origin and breed 
amongst themselves, did any such exist ; and, accordingly, the 
obvious general inferiority of the Negro to the Caucasian has 
been mucJi insisted on, as a proof that they could not have 
sprung from common parents. But it is evident that the cha- 
racter, to be specific, must be invariable ; and will any one 
pretend to say, that every white is superior in intellectual 
powers to every black? The assertion would be ridiculous : 
we have a sufficiency of individuals, endowed with about as 
much sense as Pope’s lord, who was ‘‘ far too wise to walk into 
a well;” while on the other hand, individuals amongst Negro 
tribes, have been found to exhibit a clear and comprehensiva 
intellect, «n4 to attain a distinguished proficiency in the arts, 
and even in abstruse science. 11. Gregoire has written a wooik, 
De la Litt^rature des Negres. Paris, 1808,” in which he col- 
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lectd ^HineToiXB such examples^ cmd Blumenbacli possesses 
p^mens of English, Dutch, and Latin poetTy, written by 
Negro authors. That skill and talent, together with some of 
the higher moral feelings, were called into display during the 
revolt, which freed the Haytian republic from the French 
yoke, admits of no question ; nor has there been any lack of 
political sagacity in the mode in which it has been subset 
quently governed. Lislet, a Negro of the Isle of France, was 
named corresponding 'member of the French Institute, on 
account of his meteorological observations ; Hannibal dis- 
tinguished himself as a colonel of artillery, in the Russian 
service ; and Fuller, of Maryland, was an extraordinary 
example of quickness in reckoning. Being asked, in a com- 
pany, for the purpose of trying liis powers, how many seconds 
a person had lived, who was twenty- seven years and some 
months old, he gave the answer in a minute and a half. On 
reckoning it up after him, a different result was obtained : 

Have you not forgotten the leap years V* said the Negro. 
The omission was supplied, and the number then agreed with 
his answer. 

As connected with intellectual developement, the foim of 
the brain and skull has been much insisted on as showing a 
diversity of species. It is true the Negro exhibits a most 
remarkable difference in this respect, from the Caucasian, and 
■were we merely to confine our view to these extreme cases, we 
should have little hesitation in inferring original distinctness. 

“ Having filled,” says M. Virey, ‘‘ with water, the cranium 
of an European, and having poured this water into the skull of 
a Negro (both adults), I found, in a first experiment, that the 
head of the European contained four ounces and a lialf more 
liquid than that of the Negro. Another experiment, on other 
skulls, gave me nine ounces more capacity in the white than 
the black. I have also observed that the head of a man, 
whether black or white, contains two or three ounces more 
water than the head of their respective females.” 

This difference in capacity is attended, as a reference to our 
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descriptions will show, by, a no leas striking difference o£ forni^ 
but neither of these is permanent : our Pole, already men- 
tioned, with his rapidly-retreating forehead, of course, lost 
sadly in capacity; while, on the other hand, the celebrated 
Abbas Gregorius^ to the black complexion and crisp hair of the 
Ethiopian, added a perpendicular forehead, and well-developed 
brain, that would have done honour to any Caucasian. But 
when we come to consider the connecting links, and take into 
account the conformation of intermediate tribes, the difference 
totally disappears through each progressive step, and we find an 
assemblage of skulls, diverging, as it were, from the Caucasian 
in the centre, on the one side towards breadth and squarenesf^ 
terminating tlirough the American in the Mongolian, or on tho 
other side, towards narrowness, depression, and contraction, 
already incipient in some of the Caucasian race, more observ- 
able in the Otahoitcon form, increasing through the various 
Polynesian and Papuan tribes, uutil we arrive at the savage 
inliabitauts of New Guinea, Louisiana, or New Caledonia, in 
whom the jirojecting muzzle, the retiring ibrehead, the narrow 
skull, tho black skin, the hair all but woolly, and the nose 
all but flattened, oftVr such striking proximity to tho Negro 
form, as to defy all attempts at constituting them a separate 
species. 

Our analogical argument conducts exactly to the same con- 
clusion. The skull of the wild boar difibrs widely from that 
of tho domestic pig, yet they arc allowed to be of the same 
species. The different breeds of horses and dogs present 
remarkable varieties in the shape of the skull, and, adds Mr. 
Lawi*ence, “ the veiy singular form of the skull in the Paduan 
fowl, is a more remaikable deviation from the natural struc- 
ture, than any variation which occura in the human head.” 
Equally little can combinations of features, liair, and com- 
plexion, be adduced as decisive marks of original difference. 
The Tibboos, so accurately depicted and so well described by 
Captain Lyons, present few peculiarities of the African race, 
except tile black complexion. Their features and form are 
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Heady Eun^peBiB, and their hair^ though cniied^ and somewhat 
irizzledf is not woolly* Some of the on the other 

hand, have the woolly head and black complexion, but the 
conformation and genezd figure still £urc^>ean, while others, 
of this same tribe, present perfectly the features of the Negro. 
How is it poadble to draw a line here? Again, Other in- 
^ances have been mentioned,” says Dr. Prichard, in which 
the black colour is combined with Negro features, while the 
hair is more like that of Europeans.” In Albinoes the features 
are Negro, the hair long and soft, and the skin perfectly white: 
these Albinoes may be the children of Negro parents, and may, 
in their turn, have Negro children. Yet these are among the 
races, for wliich Voltaire would have us establish a distinct 
original stock ! The singular fecility with which some men 
believe everything that seems to contradict the Scriptural 
account, contrasts strangely with their obstinate scepticism 
regarding anything that may give it support. 

The difference of hair is perfectly trivid : every one knows 
that the same race of sheep bear hair in one country and wool 
in another. In our own country, a mixture of hair will 
aiii)ear in the fleece of such as are neglected ; by breeding from 
such animals, we should soon get a race entirely hairy, but as 
this is not om* object, we generally adopt the reverse plan, 
reject those in which hair has appeared, and thus get a race 
perfectly woolly. 

The colour of the hair is equally unimportant. It is gene- 
rally black in the dark races of men, and it is oul}^ amongst 
Caucasians that it is found fair, auburn, or red. But to this 
also there are exceptions. The hair is universally black 
amongst the Hindoos, whom we must look on as nearly allied 
to the Japhetic race, while Winterbottom found it red in 
Afeicans and Mulattoes, Sonnerat reports the same of some 
Papuans. Forster found individuals with yellowish, brown, 
or sandy hair, at Otaheite, and Pallas mentions instances of the 
same kind amongst the Mongolian tribes ; though, he remarks, 
they were very mre. In animals, more particularly such as 
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have come under the influence of domestication^ eolenr Ib 
allowed to be of no avail in determining apecies. 

The pigs of Piedmont are all black, and those of Nonnan^ 
all white, yet no one supposes them of diflerent species; ®p. 
Buchanan found, in Mysore, three varieties of colour in Eheep^ 
red, black, and white, “ and these are not distinct breeds b^ 
further, in the Arctic regions the same Atiimfll will be white at 
one season, and black at another; which puts colour, as a 
criterion, totally out of the question. 

Size cannot for a moment be proposed : we all know what 
difierences, in this respect, may occur, even in membeie of the 
same family, and there is not one of the live varieties we have 
specified, in which certain tribes may not be distinguished from 
others by their height, without any one having, therefore, 
thought of assigning them a different origin. The pigs in 
Cuba have grown to twice the size of their ancestors, imported 
by the Spaniards ; and do any two races of men differ so much, 
in this respect, as the groat dray-horse of Flanders from the 
little Cingalese ponies, which do not exceed thirty inches in 
height ? 

Certain other characters have been mentioned, which appear 
to us equally inadequate. Of the facial angle, adopted by M. 
Virey, we have already spoken. Desmoulins asserts the spe- 
cific dift'erenco of the Guanches, because the fossa at the end 
of the humerus for the reception of the olecranal piocess of the 
ulna, wliich in us is only a deep hollow or pit, is in them a 
hole, opening quite through the bone.” But M. Desmoulins 
does not condescend to sciy on how many individuals he has 
verified this fact : whether his observations are confined to one 
or two, which is probable, as Guanche skeletons do not abound 
in Paris, or if more extensive, whether they admitted of any 
exception. Until he mentions these facts, we can by no means 
allow his character to he of the slighest value, as he must well 
know the transformation of a notch into a foramen, or the 
opening a foramen into a notch, or the closing a fiirrow by & 
bony sheath, so as to change it into a channel, are among tlie 
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vejy most ordinfiry varieties met with in the skeleton; and 
no man has made a dozen dissections, who has not found the 
frontal branch of the ophthalmic nerve passing at one time 
through a hole^ at another through a notch, or seen at the 
bottom of tile orbit, another branch of the fifth pair, now run- 
ning in a groove, and again arched over with a thin plate of 
bone : nay, wlio hoe not seen a canal on one side, and a ftirrow 
at the otlier, of the very same skeleton. How M. DesmoulinS) 
for whose anatomical talents we liave all proper respect, couM 
have attached any importance to a point so utterly trivial, is 
truly astonitdiing; we can only account for it by the poet’s 
rule, “Sua dira cupido fit Deus cuic|ue.” Sa>mmering had 
observed a difference in form between the stomach of the Negro 
and that of the European, but had not thought this of sufficient 
weight to be quoted as a proof of specific difference. What he, 
however, loft undone, another, assuming tlie fact without 
acknowledgment, has attempted for hbn. “ I hod frequently 
observed,” says Mr. Madden, in his Tra/vcls in Turkey^ &C., 
that the exhibition of an emetic to the Negro soldiers, 'was 
often attended with convulsions, and even death : on further 
inquiry, I found tliat these remedies invariably produce dih* 
tressing effects on all the black people of Dongola and Senixaar ; 
on examining the body, I found the stomach different from 
tliat organ in white people, both in size and structure. As the 
difference has not been noticed hitherto, 1 am free to acknow- 
ledge that the appearance I observed might be the consequence 
of disease, and not its natural state ; but, as I remarked the 
same especial difference in Utree cases, 1 think 1 am warranted 
in the supposition that the smalkiess of the Negro’s stomach, 
and the pcculia/r comigcAion of their folds, ore no less distinct 
marks of that race tlian their thick cranium, and prominent 
cheek-bones.” The number of Mr. Madden’s observations is 
truly astonishing; but without resorting to the supposition of 
a distinct race, we do not find it very strange, that when people 
have died after severe vomiting, their stomachs should be small 
and corrugated, were size of stomach to be admitted as a 
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standard of species, there is little doubt the London aldermen 
might claim an Adam for themselves. 

Mr. Madden, however, has another proof: ** I discovered, 

’ likewise, a difference in the skeleton in tim of these cases, each 
having six vertebrae of the loins, instead of five ; and upon 
examining the spines of many living Negroes, I find the occur-^ 
Fence of six lumbar vertebrae very frequents This accounts for 
the extraordinary length of the lumbar part of the back in so 
many Negsoes. That they are a distinct race, I think, is evi- 
dent from these and other peculiarities.” It is equally evident, 
if this standard be of any avail, that two of the Negroes above 
mentioned, were of a different race from the third, and that as 
the occurrence is only vety frequent^ it is not universal. But 
further, six lumbar vertebra may be found in a long-backed 
white, os well as in a long-hacked Negro ; and a skeleton of a 
man seven feet three inches high, in the Museum of the late 
Professor Rudolphi, is expressly stated by him to cxliibit this 
perfectly accidental variety *. 

The fact is, all our differences are superficial, and of that 
kind which Cuvier has shown to be most easily produced by 
accidental variations in external infiuciices, in nutrition, and 
generation. And this is honestly admitted by our most deter- 
mined, (we regret to say, in many instances, our most unneces- 
soi’ily profane,) opponent, Colonel Bory do iSaint Vincent. 

“Before commencing the examination of each of these 
species,” he says, “we must confess, that to establish their 
charoctci’s in an unquestionable manner, many anatomical 
details are still wanting. We have been obliged to stop too 
often at simple external differences, though at the same time 
we feel convinced that it is necessary to descend dee})ly into 
the organization of beings, to distinguish them invariably from 

* The fact may, indeed, ho found stated oven In clomentary anatomical 
works; thus, in the edition of Cloquet’s Anatomie Descriptive y by Dr. Knox, we 
read, It not unfroquently happens that the number of ribs Is found to vary. 
There are never, however, more than thirteen or less than eleven. When the 
nunilhr of ribs is thus increased or diminished, fhc same pkenomcnon Is oOserveti 
wUh respect to the dorsal vertebra,** 

2 £ 
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lA certain eaMfl^iee hem 

to 966k laiher in the aocumtilgtioB thaA in IheMd 'vnhie^ 
dtfiSsfieaEietti^ the baees of Otrr labour* But m MMH96 eomk^ 
U8 that fotture obsemtiema wiH ooufiisB the amu^^ 
muRt which we have inetittitei.^ (Bony de 8t» TineeoiU 
I^SomieJ) 

We have too hi^k a reject for instinctive eeni^dotSeiie lb 
anawering them; meantime^ we Wbh to put it ett 
uiiPini that Colonel Boqr deSt. Yineent’e division of the humait 
3900 into fifteen distinct upedea, iSbe object of so manj Indepeit* 
di^t creations^ rests ott an imUmihe comietkn that its troth 
will be established by future observen* 

We may add, that those who most eame^y contend fyt 
the formation of many Adams, can by no means agree amongel 
themselves as to the necessary number. M. Virey is content 
with two; M. Desmoulins at first was satisfied with eleven, 
but in hia last work, cannot do with less than sixteen ; fifteen 
we have seen suffice for Colonel Bory de St. Vinceiit, while 
Bttdolplii gives up the question as incapable of solution. 

We shall, as regards this point, midce but one more obsef* 
vBtion. Animals Bxe ail subject to voriatioii in a greater or 
lesser degree, — this degree may be estimated by the extent ia 
which they have been made the companions and servants of 
varietiei crigkuxHng in this become permamsA 
by descent. From circumstances of this kind, cats exhibit a 
long and silky hair; oxen become long^-homed or without 
horns, or display a peculiar colour, or develope a fatty hump on 
the back, which they preserve even when transported to a 
different climate ; sheep become liairy or wooDy, or have spiral 
hams or fat tails ; the domestic hog loses its tusks, becomes 
shoit^egged in one place, and long-legged in another, exhibits 
a solid hoof, or three toes, or two of monstrous appearance, 
half a span in length ; while the varieties of the dog are almost 
endless, and even run so far as tlie dcrclopement of an addi- 
tional toe on the hind foot, with a tersa. bone to corresp^fjld, 
03 we see occasionally bix-hngered feonilies among the human 
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ldi»id» SltaQ U tliea be lai^ tJbAb all tb(Me 
iial^ael^ia^wwIbxiaiDd aWaiioi^ ai4 tbat in iha ditreot latki 
[m vhida mkmyymt Isiraug^t within the influeiipe nf daomkkaH 
jiiit euliiyntlaiv to whnte hayoiiii tfito 

U asl^to to theen^ mftueotse^ ninat xasiaiii ^nnnliai^i 
a»d Txnclumgeahle,” or that every deviation tod an Mul 
atodaxd lanat ba aat down to an qkeeiSc diffiafesfie 

ioitifcaiad at the caotooiV and siaoe handed down? Themq^ 
poiittoii enonnm>-*we to« <doeed thia pa^t of onr anldto 
, Beapeeting the canaea of wariety, we ahall spedk hfie%y m 
they axe known knperieetly. 1^ PrkdiaiKl ha^ laid dowm 
and c(mfinned by veiy nunaerona exaxaplee^ the inincipk thah 
dtoges ikaoduoed by exteznal eanaee in the f^^peamnoe cariton- 
Btitution of the individual^ are te»poaaiy» tanniiiate wMh tbn 
individual, and are not propagated to bis posterity; aadb^ 
therefore^ can never produce a penuanent variety* But^ peon* 
liarities bom with the individual, and thus forming pert of hia 
original collaritutio]^ are tianamitted by descent, and if hia 
posterity wex^y any circumstances sodsolated, as that inter* 
marriages amount themselves became necessaiy, the now 
peculiarity wouldy in a few genezations bdbome permanent^ and 
in this way a variety be produced* 

The drst of these propositions is in direct opposition to the 
common opinion that olhnate is the cause of variety. Nothing 
can be more erroneous, and scarce anything mcnre umvnaally 
spread, than this belief. We find it in anthers aneieikt and 
modem; we find it in Herodotus, in Strabo, and PUny; wu 
find it in Smith,, in Blumenbech, and assigned by tunia 

an the cause oi the dark complexion or the woolly hair; nay^ 
Volney has even gone so fin* as to suppose it will account iojc 
the form of the features. “ J'ohserve,^* says the last, ‘‘ que la 
figure dcs Negres repr^sente pr^cislment oet etat de contrac- 
tion que prond noire visage lorsqu’il est frapp6 par la lumiere 
et une forto reverhcr^itor^^ Alois le oourcil so 

fermp; la pomme la poupi^ se seire; la 

>ouc^e fait la moue* Cakuconuaction, qui a lieu^eip^odlc^ 

2E2 
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meat dans la peau nud et chaud des Negres, n’a-t-elle pas dd 
devenir le caractere propre de leur figure?” The reasoning of 
a gentleman whose observations on Egypt have only just seen 
the light, complete M, Volney’s picture in the only part 
which he left unfinished. “The eifect,” s^s Mr. St. John, 
“ of the climate of Egypt upon the hair, is remarkable. My 
own beard, which in Europe was soft and silky, and almost 
straight, began immediately on my arrival at Alexandria 
to curl, to grow crisp, strong and coarse, and before I 
had reached Es-Souan resembled horse-hair to the touch, 
and was all disposed in ringlets about the chin. This is 
no doubt to be accounted for, by the extreme dryness of the 
air, which, operating through several thousand years, has in 
the interior changed the hair of the Negro into a kind of 
coarse wool.” 

But however numerous the names by which such theories 
are supported, we feel not the least liesitation in pronouncing 
them erroneous, when we find them contradicted by undoubted 
fiicts. The tropical regions of Asia and America arc to the 
full as hot as the regions of southern Africa, yet their inhabit- 
ants have hair as smot^th and flowing as ours. It is true, tliat 
in a general way, it may be asserted, that colour deepens as we 
approach the Line, and Buffbn has taken care to make the 
most of this fact : “ The heat of the climate,” he says, “ is the 
principal Clause of colour ; when the heat is excessive, as in 
Seneg^ and Guinea, then men are altogetlicr block ; when it 
is a little less intense, as on the northern coasts of Africa, men 
are less black ; when it commences to become more temperate, 
as in Barbary, Mongolia, Arabia, men are only bro\vn ; and 
finally, when it is quite temperate, as in Europe and Asia, 
men are white.” Had he pursued his subject a little further, 
he would soon have found how untenable was his idea. 

The Esquimaux, the Greenlanders, the Samoiedes, and 
other tribes surrounding the pole, are of a deep tawny colour, 
though their very moderate portion of sim should have;, Jeft 
them delicately fair; and the inhabitants of New Guinea, New 
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Britain, New Ireland, &c,, present much deeper shades of 
black, than could be at all accounted for by their situation 
’ Relative to the Equator. Madagascar is inhabited by two 
I races of men, one black, the other only olive, yet they ceiv 
tainly undergo the same degrees of temperature; but the 
theory is at once upset by a reference to the new world, in 
which all the inhabitants exhibit the most remarkable uni- 
formity in their red or copper-coloured tint, always excepting 
the Esquimaux and tribes farthest north, who show the 
darkest complexion. It is true, indeed, as every one knows, 
that exposure to sun and air deepens the colour of the indi- 
vidual ; but it remained for Dr. Prichard to observe, that the 
^cct ceased with the individual, and was not propagated to 
his offspring. Of this there can be no doubt. The children of 
the Moora and their women, who are constantly confined to 
the house, are as delicately fair as any Europeans ; the same 
may be said of the children of the English in the West Indies, 
where, nevertheless, they have been settled so long a time ; 
and Dr. Buchanan found at Cochin, on the Malabar coast, Jews 
wliose documents proved them to ha>5>) been located there 
more than fourteen hundred years, and yet, having kept thim- 
selves distinct, they resembled in every res 2 )ect, hotli of feature 
and complexion, their European brethren. Were any further 
proof required, of how little the sun has to do in producing 
intensity of natiomil colour, it might be found m the fact 
noticed at the Sandwich Islands by M. Charis, "that the 
most delicate young girl, the least exposed to the effects of 
climate, is black ; wliile the men constantly obliged to work 
under the rays of the sun, are almost an orange colour to 
which we may add Dr. Prichard’s testimony, that the domes- 
tic Negroes who are protected from the* heat of the sun by 
more clothing, and who pass their time in sheltered houses, 
are of a darker complexion than the slaves who labour half- 
naked in the fields. 

This point being settled, we turn to the second proposition, . 
namely, that, " All original or connate peculiarities of body v 
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are bereditaiy,^' and of this we have the most ample proof in 
^ propagation of peculiar breeds of soumals* Every one. 
knows lhat from a hornless bull and jcow you will get a calf 
which never shall have horns; that an Ardb horse and taare 
will breed an Arab colt ; that your short-legged Chinese pigs 
win not give you a farrow of the long-legged Iforman kind; 
nor your pricked-eared, rough-haired cur, a degenerate dwindled 
lap-dog, with its pendant flaps and silky coat. In the human 
species, also, proofs are abundant. Each peculiar variety pro- 
jpagates itself mth all its peculiarities, and in every circuin- 
stance of climate, food, soil, or other external influenei* 
Negroes are bom in Europe, Caucasians in India, whd^ 
raoes in wanh«limates, and dark races in cold. Innumeralite 
instances of the tendency of the child to resemble the parents 
are well known and authenticated. The thick upper-lip 
has been in the Austrian family for centuries; a nose, 
as Washington Irving pleasantly observes, may be found to 
repeat itself through a whole long gallery of family pictures; 
six-fingered families have been known to preserve their dis- 
tinctive mark for sev^al generations ; and there is this moment 
in London, a man whose skin is beset by numerous warty and 
homy excrescences, and who is the fourth in descent from the 
person originally marked with this unpleasant distinction, and 
known toeveiy one under the name of “ the Porcupine Man.” 

In shm, it seems a general law, that all animals shall lot 
bom with a resemblance to the crigifted state of their parents; 
a butterfly must first be a grub, because the parent butterfly 
was so; and the young frog must first he a fish, before it rises 
to the mnk of a reptile. Oocarional deviations from this law 
oocur ; when they are groat they conslitute monstrosities ; when 
sKght, varieties; but in each case they are the result of some 
uapressian or change wrought on the ovarium during concep- 
tki% or its subsequent foetal existence ; and the imperfection of 
our knowledge of the mysteries of generatiem and growth is 
the true cause why we are unable fully to appreciate the 
nature of these dmnges, and, therefore, the true origin or 
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TBrieties. As the subject, however, is of extreme interest, we 
flhall venture a few words re8|)ecting it, premising that they 
cannot be looked on as at all interfering with the former ports 
of our argument, which must depend on the proofs there ad- 
rdnced, but must be considered merely as an attempt to show 
how certain of these varieties might have arisen from certain 
natural causdli and thus the different conditions of men have 
been produced. 

In observing the growth of the foetus, we find that all for- 
mation takes place from the circumference towards the centre ; 
that the foni|;i|^ being laid down at a time when the contents 
of the uterus are most mobile, most susceptible, of impression^ 
are therefore the most liable to aberrations from the nonnal 
•standard*. This rule is exactly exemplified in monstrous 
births, in whom we find the irregularities more frequent at the 
surface than in the interior, at the extremities of any system 
than towards its centre. Thus, in the nervous system micro^ 
c^ialiGy amnc^iolid, or spina hifida^ afi^'ctions of the top and 
bottom of tlie cerebro-spinal axis, are rfiuch more common than 
any affection of its centre ; in the digestive system imperforate 
anus, oj; imperfections in the mouth, the palatine vault, &c., are 
much mbre common than deformities of the stomach. 

The case is the same in varieties. We have shown that men 
differ most in the form of the brain and the extremities, and at 
tk^urfEW^. 

simplify the question, let us take one of these points, 
andJwe shall choose the most important, that which has been 
chiefly relied on in the attempt to prove specific differences,-^ 
the various forms of the brain. 

One of the commonest causes of monstrosity, as laid down 
by Haller, and since illustrated by Meckel, is arrest of develope- 

i* This iB on open question. M. Serres, who proposed the dootrlne-of eooentric 
or centripetal dovelopomont. aB''v«rell as Gcoffroy St Hilaire and his soq, the 
‘wamiflst supporters of same, assert, that those organs which ore the latest 
formed are the least constant ; that the largo trunlcs are more frequently irre* 
gular in their course and distribution than the superficial branches of an artery, 
or a nerve ; and they advance these, and similar facts, as proofs of the soilndii^ 
of their theory.] 
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menty that is, the cessation of p^i’owth in any particnlai* oi^n, 
while the rest advance towards their usual standard : this, it is 
evident, may be caused by accidental pressure on the vessels 
leading to that organ. 

We owe to M. Serres the very interesting remai’k, that the 
brain of the Caucasian, in arriving at its full developement, 
represents transitorily the forms wliieh in the Nggro and Mon- 
golian are’ permanent. 

Now let us suppose tliat w^hen the brain was in either of 
thosG p?tasesy arrest of developement had taken place, a man 
would have been bom with either the Negro or Mongolian 
cerebral formation. 

It will be remembered that we stated the Caucasian, the 
Mongolian, and the Negi-o, to he the throe primary, or best- 
iharked varieties, and that this opinion was also held by 
Cuvier, 

Having shown liow one individual may have been produced, 
the next question is, as to the probability that his peculiarities 
would be continued. 

The most satisfactory reply to thi^ question is afforded by 
the facts connected with the origin of a new variety, or of 
sheep, as detailed by Colonel Humphreys in the Philosophical 
Transactions for 1813. 

Ill the year 1731, one of the ewes on the farm of Seth 
Wright, in the State of Massachusetts, produced a male lamb, 
which, from the singular length of its body, and shoi'tncss of 
its legs, received the name of o^^e^'-breed. From the curvature 
of its fore-legs, wliich caused them to appear like elbows when 
the animal was walking. Dr. Shuttack termed it ancon"^. 

This physical confom»ation, incapacitating the animal from 
leaping fences, appeared to ihe farmers about so desirable, that 
they wished it continued, Wright determined on breeding 
from tills mm, and the first year obtained only two, with the 
same peculiarities. The following years he obtained greater 
timbers, and when tliey became capable of breeding with one 

♦ From 'Ayjcojy, an elbo\r. 
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^Rnotlier, a new and strongly marked mriety^ before unknoum to 
fhe worlds was established. 

In this case we see a variety, originating by accident, per- 
petuated by cultivation, that is, by constantly uniting indb- 
viduals marked with the same peculiarities. 

This could not be arbitrarily done for the human-kind, but 
it might ]>e brought about by the force of circumstances. Dr. 
Prichard has shown that there is a tendency* to the repetition 
of a variety which has once occurred ; thus, there are generally 
more Albinoes than one in the same family. 

Were, then, afemily, in which any of the above peculiarities 
had a tendency to occur, isolated from the general stock, so as 
to necessitate frequent intermarriages of its members, their 
pe>culiaritie8 would l>e repeated, propagated, and, in a few 
generations, rendered permanent. 

But this isolation could only take place when the world 
was thinly inhabited, and a wide space intervened between 
family and family. - 

Any peculiarity occurring now-a?days speedily meige%.by 
intermixture, and returns to the common standard. ’ 

Revei ting, then, to the objection started at the beginning of 
our article, it is perfectly clear that the circumstances there 
alluded to are not the true cause of the propagation of a pecu- 
1^-ity, though they might have some influence on its produc- 
tion ; on the contrary, that this propagation into permanent 
varieties cmild only have occurred at the time to which it is 
refened. 

One word more : the varieties, as we have shown, are of the^ 
simplest kind, and obey the simplest law, that of arrest of deve- 
lopemeiit. Had a six*fiugered family then originated, they 
would, with equal cei*tuinty,liave been propagated, and we should 
now have a six-fingered race, whom those reasoners, would, 
doubtless, set down at once os a clearly distinct species, and thd' 

* Tho cxisteiuo of tendency wns strongly exompliliod in the mare, which 
having onco contieiii^ by ii quagga, had afterwards no less tlian threo or four 
foals begotten by dtmireut horses, yet all exhibiting more or loss of tho quagga 
form. 
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grounds for so doing would be infinitely stronger than any that 
now exist. For every anatomist will admit, that the developer 
ment of an additional finger, with its additional phalanges and 
metacarpal bones, its additional arteries and muscles, and 
nerves, and integuments, is a far greater deviation from the 
normal standard, than a simple deficiency in the developemcnt 
of any part, a want of its arriving at its full growth. But, such 
varieties as the former do appear amongst us even now, though, 
from the causes already menticmed, they have not become per- 
manent, therefore, d fortiori^ such varieties as the latter mc^ 
have appeared, and, not being subjected to the same causes, 
would, as we have shown, have become permanent. 

It is, therefore, contrary to anatomy, physiology, and 
analogy, the surest tests wliich we can apply, to consider the 
existing varieties of the human-kind as different species. 

Therefore, according to the best grounds upon which we can 
reason, all mm me descended from one common stock. 
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A BRIEF CHRONOLOGICAL TABLE OP 
PHYSIOLOGICAL DISCOVEEIEa 


A.D. 

131 GtUen boro. He obtained as indefinite idea of the diffeienee 
between nerves of scnsaiion and nerves of motloa, and was 
the first who proved that the artorics eonfaun blood during 
life. 

15G3 Fallopio died. Ho restored our knowledge of the uterine tubes, 
which, after him, are named Fallopian. 

1574 Fahrichis dcmonstiated the valves in the veins. 

I Eittiachius died. He described the capsules of the kidneys, 

the thoracic duct, and the Eustachian tube. 

1605 Aldrovandus died; gave an account of the internal structure 
and physiology of several dassos. of animais, ei3>ecially of 
fishes. 

1610 Harvey first taught the true theory of the circulation of the 
blood. 

^1619 Fdbricius diod. 

\622 Asellius, of Pavia, discoverod the lactcols in the xnaBcntery of a 

\ live dog, 

idbc Harvey first published the facts of the circulation of the UlOod 
iu his Exercitaiio Altatomica de Motu Cordis, ei Sanguinis, 
in Anhnahbys: Frankfurt. 

1634 Veslingius described the lactcDls the human body. 

1651 Rudbecy a Swedish, and Bart) .ne, a Butdi, anatoDaist, dis- 
covered the lymphatics. 

Pecquet describod the true fuaotion of the thoracic duct. 

1653 JJartholine published an account of the lymphatici. 

1661 Malj^ghi described the internal structnre the hmgB. 

1664 Swammerdam observed the valves in the absorhent vends. 

1677 Hooke alludes to the use of atmospheric air in xeepumtion, and 

illustrates that function by the phenomena of oombustioB. 

1678 Leeuwevdifteck discoverod that the whole tooth ia made np 

of very small, straight, and transient pipesL** 

1688 Perrtgult died. 
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A.IL 

1694 Malpighi died. By distinguishing tho rete mucosum £r6m the 
cuticle, he diseotered the true seat of colour in4he body. 
1707 Jam$i Douglas wrote The Cemparaitve DetetipHen of all the 
Mueelea in a Man and in a Quadruped (a dog)— very correct. 
1721 *Lady Mary Wortley Montague introduced inoculation for the 
small-pox into England. 

1726 M, Noguess described the lymphatic system in a work entitled 
VAnatomie du Corp de VHomme en abregS, 

17^8 Boerhaave died. 

1744 The first work on comparative anatomy publisliod in England, 
consisting of manuscript notes taken from the lectnros of 
Monro Primus, 

1757 Bominico Gotugno proved tliat the labyrinth of the ear con- 

tains a certain liquid ; and laid the foundation of all our 
present knowledge of the physiology of that organ. 

Haller* s work on physiology published. 

1 758 Haller published his discovcricB regarding the developemcnt of 

the chick in ovo. 

I7O6 MM, du Hamel and Tillet accidentally discovered that tho 
liuman body will boar, without injury, a temperature of 288® 
Fahr. 

1761 Hr. Hales iWed, 

1767 described the influence upon taste cau&cd by the contact 

of different metals with each other, and witli the tongue. 
This is the first fact of galvanism, but Sulzer was uncon- 
scious of its importance. 

1770 Albinus the anatomist died. 

1771 Peter Camper discovered the air-Jells in tho biines of birds. 
William Hewhon discovered tho lymphatic sj stt m in birds and 

fishes. 

Priestley noticed that air, dettrioratod by animal respiration, 

is purified by the respiration of plants. 

1 773 Hr, Walsh discovered anin.al electricity in the torpedo. 

1774 John Hunter^ iudcpend«'ntly of Peter Camper, discovered tho 

air-cells in tlie bones of birds, 

1776 Ellis, the naturalist, died. 

1778 Lxnnceus diod. 

1785 The great work of Monro Secundus, on the structure of Ashes, 
published. 

1788 Hvffbn died. ^ 
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died. 

GalvatU diecoyered that the limbs of a dead frag are eon* 
vulsed when the muscles are connected to a nerve by a 
metallio conductor. The fact was previously known, but he 
oxplainod the conditions of galvanism. 

Peter Camper's Treatise on the Facial Angte, publidied by 
his son. 

The first volume of Darwin's Zoonomia published. 

Frederick Cuvier began to lecture on comparative anatcnny. 

Gall first locturod on phrenology. 

Dr. Jermer introduced vaccination. 

Galvani died. 

The publication of Cuvier's Lectures commenced. 


THE END. 
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